SELECTION GUIDES 

How To Use The Data Book 

Numerical Index , * . * 

Alphabetical Index > GENERAL INFORMATION 

Device Outlines 

SILICON ZENER DIODES 

Regulator Diodes Reference Diodes, Precision Reference Diodes 

and Reference Amplifiers 

SILICON RECTIFIERS 



SILICON RECTIFIER ASSEMBLIES 

Bridge, Full-Wave, Voltage-Doubler and High-Voltage Assemblies 

THYRISTORS and TRIGGERS 

SCRs, 3-Layer and 4-Layer Diodes 

POWER TRANSISTORS 

Silicon and Germanium General-Purpose, High-Power Transistors For Use Up to 60 MHz 

GERMANIUM MILLIWATT TRANSISTORS, 

Alloy Transistors for Low-Frequency Switching and Amplifier Applications 

SWITCHING AND GENERAL PURPOSE TRANSISTORS 

Silicon and Germanium Devices for High-Speed Switching and 
High-Frequency Amplifier Applications 

RF TRANSISTORS 

Silicon, and Germanium Transistors Designed for Use at VHF and UHF Frequencies 

in Receivers and Transmitters 

FIELD EFFECT TRANSISTORS 



MULTIPLE and SPECIAL DEVICES 

Dual Transistors, Dual Diodes, and Field Effect Current Limiters 

VARACTORS 

Voltage-Variable Capacitance Diodes for High-Power Frequency Multiplication and Tuning 

LineTr I INTEGRATED CIRCUITS 



HARDWARE 

Heat Sinks, Mounting Hardware and Integrated Circuit Inter-Connecting Patch Boards 

LATE ADDITIONS 



APPLICATION NOTES 



the 

semiconductor 
data book 

One of the major problems facing workers in the electronics field is the iden- 
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Because it is difficult even to identify the many thousands of device type numbers, 
let alone evaluate their merits for a particular application, engineers often 
limit their designs to a few well-known device types — despite the fact that 
newer or more suitable devices may be available. 

This book identifies and characterizes all semiconductor devices with IN , 

2N , and 3N — numbers registered with the Electronics Industries Association 

at the close of the production date for the book, as well as a broad line of devices 
with special in-house type numbers. It provides complete data-sheet specifi- 
cations for a wide range of semiconductors, encompassing devices ranging from 
diodes to integrated circuits. And in addition, to simplify the selection of the 
most useful semiconductor type numbers, it contains carefully prepared selec- 
tor guides with recommended devices for specific applications. Properly used, 
it can be a valuable aid for the design engineer, the component engineer and 
the purchasing agent in narrowing the broad categories of potentially useable 
components to those best suited for a specific project. 

The information in this book has been carefully checked and is believed to be 
reliable; however, no responsibility is assumed for inaccuracies. Further- 
more, this information does not convey to the purchaser of semiconductor 
devices any license under the patent rights of any manufacturer. 



Copyright @ 1966 Motorola Inc. , 
Semiconductor Products Division 

2nd Edition, August 1966 



i 



ii 



CONTENTS 



Section 1 General Information Page No. 

How To Use This Data Book 1-1 
IN Numbers, Numerical Index and Short-Form Specifications 1-3 
2N and 3N Numbers, Numerical Index and Short-Form 

Transistor Specifications 1-105 

Thyristors, Short-Form Specifications 1-159 

Field-Effect Transistors, Short-Form Specifications 1-171 

Unijunction Transistors, Short-Form Specifications 1-177 

Alpha-Numeric Index of Special House Numbers 1-180 

Device Outline Dimensions 1-186 

Section 2 Zener and Reference Diodes, and Reference Amplifiers 

Introduction, Zener Diodes 2-3 

Quick-Selection Chart 2-6 

Zener Diode Data Sheets 2-8 

Introduction, Reference Diodes 2-31 

Reference Diode Data Sheets 2-32 

Precision Reference Diodes 2-38 

Reference Amplifiers 2-39 

Section 3 Silicon Rectifiers 

Introduction 3-3 

Quick-Selection Guide 3-4 

Short-Form Rectifier Specifications 3-6 

Datasheets 3-8 

Section 4 Silicon Rectifier Assemblies 

Introduction 4-3 

Quick-Selection Guide 4-4 

Data Sheets 4-6 

Section 5 Thyristors and Triggers 

(SCRs, 4 -Layer Diodes, 3 -Layer Diodes) 

Introduction 5-3 

Quick-Selection Guide 5-4 

Thyristor Symbols and Definitions 5-6 

Thyristor Data Sheets 5-8 

4 -Layer Diode Data Sheets 5-44 

3 -Layer Diode Data Sheets 5-49 



iii 



Section 6 Power Transistors 

Introduction 6-3 

Quick-Selection Guide, Germanium 6-4 

Quick-Selection Guide, Silicon 6-6 

Selection for Specific Applications 6-9 

Data Sheets 6-13 

Section 7 Germanium Milliwatt Transistors 

Introduction 7-3 

Quick-Selection Guide 7-3 
Data Sheets 7-6 

Section 8 Switching and General Purpose Transistors 

Introduction 8-2 
Quick-Selection Guides, Silicon 8-3 
Quick-Selection Guides, Germanium 8-8 
Data Sheets 8-12 

Section 9 RF Transistors 

Introduction 9-3 
Quick-Selection Guides 9-4 
Data Sheets 9-9 

Section 10 Field-Effect Transistors 

Introduction 10-3 

Datasheets 10-4 

Section 11 Multiple and Special Devices 

Introduction 11-3 

Datasheets 11-4 

Section 12 Var actors 

(Frequency Multipliers, Tuning, RF Switching) 

Introduction 12-3 

Data Sheets 12-4 

Section 13 Integrated Circuits 

Introduction 13-3 

Digital Circuits 13-4 

Linear Circuits 13-186 

Section 14 Hardware 

Data Sheets 14-3 



IV 



Section 15 



Late Additions 



Data Sheets 



Section 16 Application Notes 

How to Get More Value Out of a Transistor Data Sheet 
Understanding Transistor Response Parameters 
Whats and Whys About Y Parameters 
Determining Maximum Reliable Load Lines for Power 
Transistors 

RF Small Signal Design Using Admittance Parameters 
Using Linvill Techniques for RF Amplifiers 
Significance of Qx in Switching Circuits 
Field-Effect Transistors in Theory and Practice 
High-Power Varactor Diodes: Theory and Application 
VVC Tuning Diode Theory and Application 
Improving Thyristor Turn -Off Time with Negative Bias 



15-3 



16-3 

16-13 

16-25 

16-37 
16-43 
16-62 
16-70 
16-73 
16-89 
16-99 
16-104 



V 



VI 



HOW TO USE THE SEMICONDUCTOR DATA BOOK 



This book is designed to serve three specific functions: 

1. To permit quick identification of any semiconductor device bearing an EIA 
registered IN, 2N, and 3N number, as well as special in-house numbers. 

2. To permit quick selection of preferred devices for specific circuit applications. 

3. To permit quick selection of preferred devices that best meet a desired set 
of electrical specifications. 

The following examples illustrate how the book can be used to quickly solve these device 
identification and preselection problems. 

EXAMPLE 1 

Known: EIA-registered type number or special house number. 
Needed Information: Identification, short-form specifications. 

Procedure: If the device type number begins with IN, turn to the table on page 1-2 entitled 

IN Type Numbers — Complete Index, and Short-Form Device Specifications 

This table lists all IN type numbers in numerical sequence and provides short-form 
specifications for these devices. 

If the device type number begins with 2N or 3N, turn to the table on page 1-104 entitled 

2N and 3N Type Numbers — Complete Index and Bi-Polar Transistor Short-Form 
Specifications 

This table serves two functions. It lists all 2N and 3N type numbers in numerical 
sequence, and it provides short-form specifications for all bi -polar transistor types. 
Those 2N type numbers representing semiconductor devices other than bi-polar tran- 
sistors (i.e. SCRs, FETs, etc.) are identified in blocks (i.e. 2N- through 2N-) and are 
referenced to a subsequent table where they are individually tabulated and characterized. 

If the device type number is non-registered, turn to the index on page 1-180 which refers 
you to a page number in the book where complete data sheet specifications for the device 
are given. 

EXAMPLE 2 

Known: Desired application or desired device parameters. 

Needed Information : Specific type numbers of devices to fit known applications or device 
parameters . 

Procedure: This book is divided into 12 main data sheet sections, each containing data 
sheet specifications for major device categories (i.e. Power Transistors). Preceding 
the actual data sheet specification in each main section area number of Quick Selection 
Charts and Tables in which the devices described in the section are broken down by major 
parameters and recommended applications. 

To find the recommended devices, refer to the appropriate main section of the book and 
consult Quick Selection Charts and Tables at the beginning of the section. Then turn to 
the specific data sheets within the section (these are given in alpha-numerical sequence) 
for more detailed specifications. 
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Numerical Index 



NUMERICAL INDEX 

IN — TYPE NUMBERS - COMPLETE INDEX and SHORT-FORM DEVICE SPECIFICATIONS 

The following table lists, in numerical sequence, all ElA-registered devices with IN— 
type numbers, and provides major electrical specifications for these devices. Semicon- 
ductors included in this tabular listing are Rectifier Diodes, Zener Diodes, Reference 
Diodes, Signal Diodes and Varactor Diodes. 

Since the major electrical characteristics for devices in each of the above groups differ 
from one another, the table heading consists of four different sets of specifications, 
each applying to a specific group of devices. Specifications for the fifth group of de- 
vices — Varactor Diodes — are given in a separate table on page 1-99. 



KEY 



RECTIFIER DIODES 

V R = DC Blocking Voltage 

V F = Average Forward Voltage Drop 

l 0 = Average Rectifier Forward 

Current 
l R = Average Reverse Current 
'surge = Peak Surge Current 



ZENER DIODES 

Vz(min) = Minimum Zener 
Breakdown Voltage (Volts) 
V 2 (max) = Maximum Zener 
Breakdown Voltage (used only 
when a corresponding Vz(min) 
is specified. Otherwise, this 
column refers to V z (nom) 
Nominal Zener Breakdown 
Voltage.) 

Tol = Tolerance, for specified 
Nominal breakdown Voltage 
P D = Maximum Power 
Dissipation. M = milliwatts, 
W = watts 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 
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Vr V f lo 
(volts) (volts) (Amps) 



Ir 
(mA) 
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(Amps) 
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Vz(max) V z % 
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SIGNAL DIODES 



REFERENCE DIODES 



PRV V, 
(volts) (volts) 



@ If 



Ir 



(/AS) 



TC 

%/°C 
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"C 6 C 



Numerical Listing 
of Registered 
Type Numbers 



S = Silicon 

G = Germanium 



Type number of recommended 
replacement or of nearest 
electrical equivalent fully 
characterized in this book 



Page in this book on which the device or its 
replacement device is fully characterized 



SHADING INDICATES 
SIGNAL DIODES 

PRV = Peak Reverse Voltage 
Vf@ I f = Maximum Forward 
Voltage at Indicated Forward 
Current — M = milliamps, 
A = amps 

Ir= Reverse Current — 

M = milliamps, * = mfcroamps 

N = nanoamps 

t rr = Reverse Recovery Time 



SHADING INDICATES 
REFERENCE DIODES 

TC = Temperature Coefficient 
Vz= Zener Breakdown 
Voltage 

T(min) ^Temperature Range 
T(max)Jover which indicated 

temperature coefficient 

is applicable. 



The three codes listed below define the listed 
device and indicate the appropriate specification 
column heading: 
R — Rectifier 

RD — Reference Diode 

ZD — Zener Diode 



The seven following codes define signal diodes: 
GP —General Purpose 
HC - High Conductance (^ 20 mA @ ^ 1 V) 
HS — High Speed Switch (Max t rr < 0.3 ps) 
CS — High Conductance, High Speed Switch 
MS — Medium Speed Switch 
PA —Parametric Amplifier 
SP — Special Purpose 
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Numerical Index 

IN— TYPE NUMBERS - INDEX & SHORT-FORM SPECIFICATIONS 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA @ ^ 1 V), HS -High Speed Switch (Max t„ < 0.3 ms), 
CS-High Conductance, High Speed Switch, MS— Medium Speed Switch, PA -Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD-Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance^ 20 mA@^ IV), HS- High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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ZD 
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ZD 
ZD 
ZD 
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17 
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30 
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IN 214 

IN 215 

IN 216 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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62 
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90 
110 
135 
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IN 222 
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IN 225A 
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ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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300 
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IN 227 

IN 227A 

IN 228 

IN 228A 
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IN 229A 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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13.5 
17 
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21 
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1.5 
1.2 
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"25TJ 
350 
200 
250 
250 
350 
.15 
.15 
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-Rectifier, RD- Reference Diode, ZD- Zener Diode, GP— General Purpose, HC- High Conductance 20mA @ =^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP— General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-Rectifier, RD- Reference Diode, ZD -Zener Diode, GP— General Purpose, HC- High Conductance 20 mA @ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP— Special Purpose. 
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GP 
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1 
1 


Jrl 
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Cm 

*3 m 
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463 
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IN 
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HC 


175 
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100M 


• 5» 












IN 
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laP 
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.3* 












IN 


464A 
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HC 


125 


1 


100M 


.5« 












IN 


465 


c 
o 


1N4371 


2-10 


ZD 












2.0 


3.2 




200M 


IN 


465A 


c 
o 




2-10 


Z.U 














2.7 


5 


200M 


IN 


465B 


S 






ZD 














2.7 


1 


200M 


IN 


466 


s 


1N746 


2-10 


ZD 












3.0 


3.9 




200M 


IN 


466A 
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1N746A 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-8 



- Numerical Index - 



1N467— 1N510 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr 
(volts) 



Vf lo 'r I surge 

(volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 



PRV 
(volts) 



V F @ If 
(volts) 



trr 
(/AS) 



ZENER DIODES 



v f m , n \ V z (nom) Tol 
Vz(m,n > Vz(max) V z o/ 0 



REFERENCE DIODES 



TC 
%/"C 



Vz 



T(min) 
C 



IN 467 

IN 467A 

IN 467B 

IN 468 

IN 468A 

IN 468B 

IN 469 

IN 469A 



1N749 
1N749A 



1N750 
1N750A 



1N752 
1N752A 



2.-10 
2-10 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



3.7 



4.3 



5.2 



4.5 
3.9 
3.9 
5.4 
4.7 
4.7 
6.4 
5.61 



IN 469B 

IN 470 

IN 470A 

IN 470B 

IN 471 

IN 471A 

IN 472 

IN 472A 



1N754 
1N754A 



2-10 
2-10 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



6.2 

3.0 
3.7 



5.6 
8.0 
6.8 
6.8 
3.9 
3.3 
4.5 
3.9 



IN 473 

IN 473A 

IN 474 

IN 474A 

IN 475 

IN 475A 

IN 476 

IN 477 



IN 478 

IN 479 

IN 480 

IN 481 

IN 482 

IN 482A 

IN 482B 

IN 483 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
GP 
GP 



4.3 
5.2 
6.2 



5.4 
4.7 
6.4 
5.6 
8.0 
6.8 



90 
90 



2.5M 
2.5M 



11* 
11* 



GP 
GP 
MS 
R 

HC 
HC 
HC 
HC 



90 
90 
60 
200 
36 
36 
36 
70 



1 
1 
1 

.5 

1.1 
1 
1 
1 



5M 
5M 
5M 
.1 
100M 
100M 
100H 
100M 



T* 
7* 

1.9 
.25* 

25N 
25N 
25N 



.5 

25 



IN 483A 

IN 48 3B 

IN 484 

IN 484A 

IN 484B 

IN 485 

IN 485A 

IN 485B 



IN 486 

IN 486A 

IN 486B 

IN 487 

IN 487A 

IN 487B 

IN 488 

IN 488A 



HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 



70 
70 
130 
130 
130 
180 
180 
180 



1 

1 

1.1 

1 
1 

1.1 

1 
1 



100M 
100M 
100M 
100M 
100M 
100M 
10CM 
100M 



25N 
25N 

.25* 
25N 
25N 

.25* 
25N 
25N 



WT 

HC 

HC 

HC 

HC 

HC 

HC 

HC 



-223: 

225 
225 
300 
300 
300 
380 
380 



"T7T 
1 
1 

1.1 

1 
1 

1.1 

1 



100M 
100M 
100M 
10CM 
10GM 
100M 
100M 



723* 
.05* 
.05* 
.25* 
.1* 
.1* 
.25* 
.1* 



IN 488b 

IN 490 

IN 497 

IN 498 

IN 499 

IN 500 

IN 501 

IN 502 



IN bUJ 
IN 504 
IN 505 
IN 506 
IN 507 
IN 508 
IN 509 
IN 510 



HC 
MS 
GP 
GP 
GP 
GP 
GP 
GP 



380 
90 
30 
60 

80 
100 
120 



— 5TJ 
100 
200 
300 
400 
600 
800 

1000 



1 
1 
1 
1 
1 
1 
1 
1 

~TT2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 



100H 
5M 
100M 
100M 
100H 
100M 
100M 
100M 
~T3T 
.33 
.33 
.33 
.33 
.33 
.33 
.33 



.1* 

20* 
25* 
30* 
40* 
40* 
50* 
— 3- 
.5 
.5 
.5 
.25 
.25 
.25 
-25 



.5 



R- Rectifier, RD- Reference Diode, ZD- Zener Diode, GP- General Purpose, HC — High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP— Special Purpose. 



1-9 



- Numerical Index - 



1N511 — 1N589 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr V F lo 'r Uurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 



PRV 

(volts) 



V F @ l F 
(volts) 



trr 
(^S) 



ZENER DIODES 



REFERENCE DIODES 



TC 



Vz 



IN 511 

IN 512 

IN 513 

IN 514 

IN 515 

IN 516 

IN 517 

IN 518 



50 
100 
200 
300 
400 
600 
800 
1000 



1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 



.5 
.5 
.5 
.5 
.25 
.25 
.25 
.25 



IN 519 

IN 520 

IN 521 

IN 522 

IN 523 

IN 524 

IN 525 

IN 526 



50 
100 
200 
300 
400 
600 
800 
1000 



1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 



1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 



.5 
.5 
.5 
.5 
.25 
.25 
.25 
.25 



IN 527 

IN 530 

IN 531 

IN 532 

IN 533 

IN 534 

IN 535 

IN 536 



1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4001 



3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 



GP 

R 

R 

R 

R 

R 

R 

R 



10 
100 
200 
300 
400 
500 
600 

50 



.3 

2 
2 
2 
2 
2 
2 
.5 



1M 
.3 
.3 
.3 
.3 
.3 
.3 
.25 



50« 
.003 



.01 
.015 



.02 
• 4 



IN 537 

IN 538 

IN 539 

IN 540 

IN 541 

IN 542 

IN 543 

IN 543A 



1N4002 
1N4003 
1N4004 
1N4004 



3-23 
3-23 
3-23 
3-23 



R 
R 
R 
R 

GP 
SP 
R 
R 



100 
200 
300 
400 
45 

1000 
1000 



.4 

.3 
.5 
.5 

2.2 

10 

8 



.25 
.25 
.25 
.25 
10M 

.005 
.025 



.5 
.5 
.3 
.3 
18* 

.1 
.1 



IN 544 

IN 544A 

IN 547 

IN 548 

IN 549 

IN 550 

IN 551 

IN 552 



1N4005 



1N4002 
1N4003 
1N4004 



3-23 
3-23 
3-23 



1000 
1000 
600 
900 
1200 
100 
200 
300 



10 
10 
1.1 
1.1 
1.1 
1.5 
1.5 
1.5 



.015 
.075 
.25 
.3 
.3 
.5 
.5 
.5 



.1 
.1 

.35 
.35 
.35 

.001 



IN 553 

IN 554 

IN 555 

IN 560 

IN 561 

IN 562 

IN 563 

IN 566 



IN 567 

IN 568 

IN 569 

IN 570 

IN 571 

IN 573 

IN 574 

IN 575 



1N4004 
1N4005 
1N4005 
1N4006 
1N4007 
1N4006 
1N4007 



3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 



R 
R 
R 
R 
R 
R 
R 

GP 



MS- 
MS 
HC 
R 

HC 
R 
R 
R 



400 
500 
600 
800 

1000 
800 

1000 
220 



TOlT 
7 
12 
1250 

380 
380 
380 



1.5 
1.5 
1.5 

1.75 
1.75 
1.75 
1.75 
1 



— r 

.32 
.5 
10 
1 

.15 

.15 
.3 



.5 
.5 
.5 
.25 
.25 
.4 
.4 
20M 



T5W 
5M 
250M 
37.5 
200M 
.25 
.3 
.35 



.005 
.015 

.02 
.015 

.02 
2M 



TTBTT 
.1M 
.05M 
.1 
100* 



.08 



IN 5? 5 A 

IN 576A 

IN 581 

IN 582 

IN 583 

IN 584 

IN 588 

IN 589 



380 
380 
380 
380 
380 
1500 
1500 



~TT5~ 
.15 
.15 
.15 
.15 
.15 
1.75 
1.75 



TI5- 
.4 

.25 
.3 

.35 
.4 
.1 

.25 



R— Rectifier, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC — High Conductance^ 20 mA@^ IV), HS-High Speed Switch (Max t, 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-10 



Numerical Index 



1N590— 1N658A 



RECTIFIERS 





— i 






o 
t— 


Vr 


V F 


lo 


Ir 


1 surge 




Vz(nom) 


Tol 






£5 


REPLACE- 


PAGE 


«t 


(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz (min) 


V z (max) 


V z % 


Pd 


TYPE 


»— 

2E 


MENT 


NUMBER 


u. 
H- 
z 


SIGNAL DIODES 


REFERENCE DIODES 












PRV 




i) Ir 
" »F 




trr 


TC 






T(max) 












(volts) 


(volts) 




Ir 


(/AS) 


%/°c 


Vz 




°C 


IN 590 


S 






R 


1500 


8 


• 075 


• 1 












IN 591 


S 






R 


1 500 


8 


.075 


• 1 












IN 596 


s 


1N4005 


3-23 


R 


600 


3 


• 1 25 


• 025 


1 










IN 597 


s 


1N4006 


3-23 


R 


800 


3 


• 125 


.025 


1 










IN 598 


s 


1N4007 


3-23 


R 


1000 


3 


. 125 


.025 


1 










IN 599 


s 


1N4001 


3-23 


R 


50 


1*5 


• 3 


.025 


2 










IN 599A 


s 


1N4001 


3-23 


R 


50 


1 .5 


.3 


.00 1 


2 










IN 600 


s 


1N4QQ2 


3-23 


R 


100 


1-5 


.3 


,025 


Z 










IN 600A 


s 


1N4002 


3-23 


R 


100 


1-5 


.3 


.001 


2 










IN 601 


s 


1N4003 


3-23 


R 


150 


1.5 


.3 


.025 


2 










IN 601A 


s 


1N4003 


3-23 


R 


150 


1.5 


.3 


• 001 


2 










IN 602 


s 


1N4003 


3-23 


R 


200 


1 • 5 


.3 


.025 


2 










IN 602A 


s 


1N4003 


3-23 


R 


200 


1.5 


• 3 


• 00 1 


2 










IN 603 


s 


1N4004 


3-23 


R 


300 


1.5 


.3 


.025 


2 










IN 603A 


s 


1N4004 


3-23 


R 


300 


1.5 


.3 


.001 


2 










IN 604 


5 


1N4004 


3-23 


R 


400 


1»5 


.3 


»Q25 


?. 










IN 604A 


s 


1N4004 


3-23 


R 


400 


1.5 


.3 




2 










IN 605 


s 


1N4005 


3-23 


R 


500 


1.5 


• 3 


.025 


2 










IN 605A 


s 


1N4005 


3-23 


R 


500 


1.5 


.3 


.002 


2 










IN 606 


s 


1N4005 


3-23 


R 


600 


1.5 


.3 


.025 


2 










IN 606A 


s 


1N4005 


3-23 


R 


600 


1.5 


.3 




2 










IN 607 


s 


1N4001 


3-23 


R 


50 


1.5 


• 8 


• 025 


3 










IN 607A 


s 


1N4001 


3-23 


R 


50 


1.5 


.8 


.001 


3 










IN 608 


s 


1N4002 


3-23 


R 


100 


1.5 


• 8 


.025 


3 










IN 608A 


s 


1N4002 


3-23 


R 


100 


1 • 5 


• 8 


• 00 1 


3 










IN 609 


s 


1N4003 


3-23 


R 


150 


1.5 


.8 


.025 


3 










IN 609A 


s 


1N4003 


3-23 


R 


150 


1.5 


• 8 


• 00 1 


3 










IN 610 


s 


1N4003 


3-23 


R 


200 


1.5 


• 8 


.025 


3 










IN 610A 


s 


1N4003 


3-23 


R 


200 


1.5 


.8 


• 00 1 


3 










IN 61 1 


s 


1N4004 


3-23 


R 


300 


1.5 


• 8 


.025 


3 










IN 61 1A 


s 


1N4004 


3-23 


R 


300 


1.5 


.8 


• 001 


3 










IN 612 


s 


1N4004 


3-23 


R 


400 


1.5 


• 8 


• 025 


3 










IN 612A 


s 


1N4004 


3-23 


R 


400 


1.5 


.8 


1.5 


3 










IN 613 


s 


1N4005 


3-23 


R 


500 


1.5 


• 8 


025 


3 










IN 613A 


s 


1N4005 


3-23 


R 


500 


1.5 


.8 


.002 


3 










IN 614 


s 


1N4005 


3-23 


R 


600 


1.5 


.8 


.025 


3 










IN 614A 


s 


1N4005 


3-23 


R 


600 


1 .5 


• 8 


2.5 


3 










IN 615 


G 






R 


300 




.075 


1.2 


25 










IN 616 


G 






SP 


20 




8M 


• 4M 












IN 617 


G 






GP 


1 1 5 




3M 


1 1 * 












IN 618 


G 






GP 


115 




5M 


7* 












IN 619 


S 






GP 


30 




3M 


.08* 












IN 622 


s 






GP 


150 


1 


7M 


.16* 












IN 625 


s 






MS 




1.5 


4M 


1 * 


\ 










IN 626 


s 






MS 




■1.5 


4M 


1* 


1 










IN 627 


s 






MS 




1.5 


4M 


1* 


1 










IN 628 


s 






MS 




1.5 


4M 


1* 


1 










IN 629 


s 






MS 


,„,„,; ; 


I.J 


4M 


1 * 


.;, , 










IN 631 


G 






MS 


60 








.3 










IN 632 


G 






MS 


60 




7M 




• 3 










IN 633 


G 






MS 


80 


1 


125M 




.3 










IN 634 


G 






GP 


100 


1 


50M 


45* 












IN 635 


G 






GP 


150 


.: 1 ■ 


50M 


175* 












IN 636 


G 






GP 


60 


1 


2.5M 


10* 












IN 643 


S 






MS 


175 


1 


.TQM 


1* 


• 3 










IN 643A 


S 






HC 


175 




1 0GM 


-■■■'■■'■■''■I'*- 


• 3 










IN 645 


S 


1N4004 


3-23 


HC 


225 




400M 


.2* 












IN 645A 


S 


1N4004 


3-23 


HC 


mzs:. 


mm: 


400M 


.05* 












IN 646 


S 


1N4004 


3-23 


HC 


300 




400M 


.2* 












IN 647 


s 


1N4004 


3-23 


HC 


400 




40CM 


• 2* 












IN 648 


s 


1N4005 


3-23 


HC 


500 


WiMM. 


400M 


.2* 












IN 649 


s 


1N4005 


3-23 


HC 


600 




400M 


.2* 












IN 658 


s 






HC 


100 




100M 


.05* 


.3 










IN 658A 


s 






HC 


120 




10CM 


25N 


.3 











ZENER DIODES 



-Reference Diode, ZD- Zener Diode, GP— General Purpose, HC- High Conductance 20 mA @ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-11 



- Numerical Index - 



1N659— 1N711 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr Vp lo 'r Isurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 



PRV 

(volts) 



V F @ l F 
(volts) 



Ir 



trr 
(jttS) 



ZENER DIODES 



REFERENCE DIODES 



TC 
%/°C 



V 2 



T(mln) 
C 



IN 659 

IN 659A 

IN 660 

IN 660A 

IN 661 

IN 661A 

IN 662 

IN 662A 



MS 
MS 
MS 
MS 
MS 
MS 
MS 
HC 



50 
60 
100 
120 
200 
240 
80 
80 



6M 
10M 

6M 
10M 

iilii 

1CM 
10M 
100M 



5* 
25N 

5* 
25N 
10* 
25N 

1* 

1* 



8f3 

ill 
mi 

.3 

lit 
III 
.3 



IN 663 

IN 663A 

IN 664 

IN 665 

IN 666 

IN 667 

IN 668 

IN 669 



MS 
HC 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



80 
80 



100M 
100M 



5* 
.1* 



10.8 
14.2 
16.2 
19.8 
24.3 



8.2 
13.2 
15.8 
19.8 
24.2 
29.7 



IN 670 

IN 671 

IN 672 

IN 673 

IN 674 

IN 675 

IN 676 

IN 677 



In 6?8 

IN 679 

IN 681 

IN 682 

IN 683 

IN 684 

IN 685 

IN 686 



1N4002 
1N4002 



3-23 
3-23 



ZD 

ZD 

ZD 

HC 

ZD 

ZD 

R 

R 
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135 



350 



100 
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.15 
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68 
110 
165 

4.7 
6.2 



IN 687 

IN 689 

IN 690 

IN 691 

IN 692 

IN 693 

IN 695 

IN 695A 



1N4003 
1N4003 
1N4004 
1N4004 
1N4004 
1N4004 
1N4005 
1N4005 



3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 



200 
200 
300 
300 
400 
400 
500 
500 



600 
36 
70 
100 
130 
20 
25 



.15 
.075 
.15 
.075 
.15 
.075 
15 



7oT5~ 
.15 
400M 
40CM 
400M 
400M 
100M 
10M 



.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 



71 
.2 

III*; 
.25* 
.25* 
.25* 
2* 
2* 



1N4005 
1N4005 



3-23 
3-23 



IN 696 

IN 697 

IN 698 

IN 699 

IN 701 

IN 702 

IN 702A 

IN 703 



R 
R 

HC 
HC 
HC 
HC 
HC 
MS 



F5- 

CS 

HC 

HC 

ZD 

ZD 

ZD 

ZD 



"3TF 

25 
80 



1 

.65 

1 



"1UK 
.25A 
30M 
100M 



~T5TT 
1* 
160* 



IN /03A| 

IN 704 

IN 704A 

IN 705 

IN 705A 

IN 706 

IN 706A 

IN 707 



1N4371 

1N4371A 

1N746 



2-10 
2-10 
2-10 



2TT 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 



9.5 
2.0 
2.3 
3.0 



10.5 
3.2 
2.9 

3.9 



4.5 
4.3 
5.4 
5.12 
6.4 
6.1 
8.0 



1N746A 

IN 74 9 

1N749A 

1N750 

1N750A 

1N752 

1N752A 

1N754 



2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 



IN 70/A 

IN 708 

IN 708A 

IN 709 

IN 709A 

IN 710 

IN 710A 

IN 711 



lN/i>4A 

1N752 

1N752A 

1N753 

1N753A 

1N957 

1N957A 

1N958A 



2-10 
2-10 
2-10 
2-10 
2-10 
2-11 
2-11 
2-11 



7TT 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

ZD 



3.23 
3.7 
3.9 
4.3 

4.58 
5.2 
5.5 
6.2 

6.65 



"7755" 
5.6 
5.6 
6.2 
6.2 
6.8 
6.8 
7.5 



R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance^ 20 mA@=^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA— Parametric Amplifier, SP-Special Purpose. 
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Numerical Index 



1N711A — 1N743 













RECTIFIERS 


ZENER DIODES 


TYPE 


— i 


REPLACE- 


PAGE 


o 

g 


Vr 
(volts) 


(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (min) 


Vz (nom) 
V z (max) 


Tol 

V z % 


Pd 


UJ 

►— 
** 

z 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 










ea 


PRV 
(volts) 


V F <£ 

(volts) 


& If 


•r 


trr 
(/AS) 


TC 
%/°C 


V Z 


T(min) 


T(max) 
°C 


IN 71 1 A 
IN 712 
IN 712A 
IN 713 
IN 713A 
IN 714 
IN 714A 
IN 715 


S 
S 
S 

s 
s 
s 
s 
$ 


1N958B 
1N959A 
1N959B 
1N960A 
1N960B 
1N961A 
1N961B 
1N962A 


2-11 
2-11 
2-11 
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2-11 
2-11 
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ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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8.2 
9.1 
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5 
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5 
10 

5 
10 

5 
10 
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11 
12 
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1N978A 


2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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36 
39 
39 
43 
43 
47 
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5 
10 

5 
10 
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5 
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IN 732A 
IN 733 
IN 733A 
IN 734 
IN 734A 
IN 735 


s 
s 
s 
s 
s 
s 
s 
s 


1N978B 
1N979A 
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1N981A 
1N981B 
1N982A 


2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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56 
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75 
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5 
10 

5 
10 

5 

ID 


2S0H 
250M 
250H 
250M 
250M 
250M 
250M 


IN 735A 
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ZD 
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ZD 
ZD 
ZD 
ZD 
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82 
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2-11 
2-11 
2-11 
2-11 
2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














110 
120 
120 
130 
130 
150 
150 
160 


5 
10 

5 
10 

5 
10 

5 
10 


250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 



R— Rectifier, RD — Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance (^20mA@^ IV), HS- High Speed Switch (Max t rr < 0.3 /is), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 
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2-11 
2-11 
2-10 
2-10 
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ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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180 
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200 
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3.3 
3.3 
3.6 


5 
10 

5 
10 

5 
10 

5 
10 


250M 
250M 
250M 
250M 
250M 
400M 
400M 
400M 
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IN 748 
IN 748A 
IN .749 
IN 749A 
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IN 751 
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s 
s 
s 
s 
s 
s 
s 




2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














3.6 
3.9 
3.9 
4.3 
4.3 
4.7 
4.7 
5.1 


5 
10 

5 
10 

5 
10 

5 
1 0 


400M 
400M 
400M 
400M 
400M 
400M 
400M 
400M 
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IM 7C3A 
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2-10 
2-10 
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2-10 
2-10 
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ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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5.6 
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6.8 
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400M 
400M 
400M 
400M 
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IN 759 


s 
s 
s 
s 

o 

s 
s 
s 




2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














7.5 
8.2 
8.2 
9.1 
9.1 
10.0 
10.0 
12.0 
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10 

5 
10 

5 
10 

5 
1 0 


400M 
400M 
400M 
400M 
400M 
400M 
400M 
400M 


IN 759A 
IN 761 
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s 


1N751A 

1N753A 
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1N961A 

1N964A 

1N966A 
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2-10 
2-10 
2-10 
2-11 
2-11 
2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
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LM 

ZD 
ZD 
ZD 
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5.2 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance (=± 20mA @ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP- Special Purpose. 
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R— Rectifier, RD — Reference Diode, ZD-Zener Diode, GP- General Purpose, HC- High Conductance 20mA @ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance (=s20mA@^ IV), HS— High Speed Switch (Max tr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3 /js), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 
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-Rectifier, RD-Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS- High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Specia Purpose. 
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-Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP— Special Purpose. 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP -Special Purpose. 
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R— Rectifier, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC— High Conductance 20 mA @ ^ 1 V), HS— High Speed Switch (Maxt rr < 0.3ns), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA— Parametric Amplifier, SP— Special Purpose. 
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s 


1N1186 


Q _ 1 Q 

j-Ly 


R 


200 


1.7 


35 


10 


500 










INI 186A 


s 


MPl 9fm?T 


3-32 


R 


200 


1.3 


40 


2.5 


800 










1N1187 


s 


1N1187 


3-10 


R 


300 


1.7 


35 


10 


500 










IN 1 18?A 


s 


MR1205FL 


3-32 


R 


300 


1.2 


40 


2.5 


800 










INl 188 


s 


1N1188 


3-10 


R 


400 


1.7 


35 


10 


500 










INl 188 A 


s 


MP 1 9D7T7T 
cit\L£.\J 1 £ Li 


3-32 


R 


400 


1.2 


40 


2.2 


800 










IN 1 189 


s 


1N1189 


3-10 


R 


500 


1.7 


35 


10 


500 










INl 189A 


s 






R 


500 


1.2 


40 


2 


800 










IN 1 190 


s 


1N1190 


3-10 


R 


600 


1.7 


35 


10 


500 










IN 1 190A 


s 






R 


600 


1.2 


40 


1.8 


800 










INl 19 1 


s 


1N1191 


3-8 


R 


50 


2.35 


18 


5 


220 










1N1191A 


s 






R 


50 


2 


22 


2.5 


500 










INI 192 


s 


1N1192 


3-8 


R 


100 


2.35 


18 


5 


220 










INI 192A 


s 






R 


100 


2 


22 


2.5 


500 










IN 1 193 
INI 193A 


5 

s 




3-8 


R 
R 


150 
150 


2.35 

2 


18 
22 


5 

2.5 


220 
500 










1N1 194 
INI 194A 


s 
s 


1N1194 


3-8 


R 
R 


200 
200 


2.35 

2 


18 
22 


5 

2.5 


220 
500 










INI 195 


s 


1N1195 


3-8 


R 


300 


2.35 


18 


5 


220 










1N1195A 


3 


1N1195A 


3-8 


R 


300 


.6 


20 


3.2 


350 










INl 196 


s 


1N1196 


3-8 


R 


400 


2.35 


18 


5 


220 










INl 196A 


s 


1 Nl 1 QfiA 

LIS L L J\J±\ 


3-8 


R 


400 


.6 


20 


2.5 


350 










INl 197 


s 


1N1197 


3-8 


R 


500 


2.35 


18 


5 


220 










IN1 197 A 


s 


1N1197A 


3-8 ' 


R 


500 


.6 


20 


2.2 


350 










IN 1 198 


s 


1N1198 


3-8 


R 


600 


2.35 


18 


5 


220 










INI 198A 


s 


11\T1 1 QftA 
11N L L 7 0A 


3-8 


R 


600 


• 6 


20 


1.5 


350 










INl 199 


s 




J-Zo 


R 


50 




12 


10 












1NH99A 


$ 


MR1120 


3-28 


R 


50 


1.35 


12 


3 


240 










IN1 1998 


s 






R 


50 


1.2 


12 


,9 


250 










IN 1200 


s 


MR1121 


3-28 


R 


100 




12 


10 












INl 900A 


s 


MR1121 


3-28 


R 


100 


1 .35 


50 


2.5 


12 










1N1200B 


s 






R 


100 


1.2 


12 


m 9 


250 










IN 1 20 1 


s 


MR1122 


3-28 




150 




12 


1 0 












1N1201 A 


s 


MR1122 


3-28 


R 


150 


1 .35 


50 


2.25 


12 










1N1201B 


s 






R 


150 


1.2 


12 


.9 


250 










IN 1202 


~s 


MRI 122 


3-28 


R 


200 




12 


10 












INl 20 2 A 




MR1122 


3-28 


R 


200 


1.35 


50 


2.0 


12 










IN 12C2B 


s 






R 


200 


1.2 


12 


.9 


250 










IN 1 203 


s 


MR1123 


3-28 


R 


300 




12 


10 












1N1203A 


s 


MR1123 


3-28 


R 


300 


1.35 


50 


1.75 


12 










1N1203B 


s 






R 


300 


1.2 


12 


.9 


250 










1N1204 


s 


MR1124 


3-28 


R 


400 




12 


10 












1N12G4A 


s 


MR1124 


3-28 


R 


400 


1.35 


50 


1.5 


12 











R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-22 



V 



- Numerical Index - 



1N1204B — 1N1244A 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr Vp lo 'r Isurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 



PRV 
(volts) 



V F @ 
(volts) 



Ir 



trr 

(ju-S) 



ZENER DIODES 



u V z (nom) Tol 

Vz(m,n) Vz(max) V Z % 



REFERENCE DIODES 



TC 
%/°C 



1N1204B 

1N1205 

1N1205A 

1N1205B 

1N1206 

1N1206A 

1N1206B 

1N1217 



MR1125 
MR1125 



MR1126 
MR1126 



3-28 
3-28 



3-28 
3-28 



3-23 



400 
500 
500 
500 
600 
600 
600 
50 



1.2 

1.35 
1.2 

1.35 
1.2 

UP 



12 
12 
50 
12 
12 
50 
12 
1.6 



.9 
10 
1.25 
.9 
10 
1.0 
.9 
1.5 



250 

12 

250 

12 

250 
20 



1N1217A 

1N1217B 

1N1218 

1N1218A 

1N1218B 

1N1219 

1N1219A 

1N1219B 



1N4002 
1N4002 



1N4003 
1N4003 



3-23 



3-23 
3-23 



3-23 
3-23 



50 
50 
100 
100 
100 
150 
150 
150 



1.5 
1.7 
1.0 
1.5 
1.7 
1.0 
1.5 
1.7 



1.6 
1.35 
1.6 
1.6 
1.35 
1.6 
1.6 
1.35 



.05 
.3 
1.5 
.05 
.3 
1.5 
.05 
.3 



25 
20 



25 
20 



25 



1N1220 

1N1220A 

1N1220B 

1N1221 

1N1221A 

1N1221B 

1N1222 

1N1222A 



1N4003 
1N4003 



1N4004 
1N4004 



3-23 
3-23 



3-23 
3-23 



3-23 



200 
200 
200 
300 
300 
300 
400 
400 



1.0 
1.5 
1.7 
1.0 
1.5 
1.7 
1.0 
1.5 



1.6 
1.6 

1.35 
1.6 
1.6 

1.35 
1.6 
1.6 



1.5 
.05 

.3 
1.5 
.05 

.3 
1.5 
.05 



20 



25 
20 



25 
20 



1N1222B 

1N1223 

1N1223A 

1N1223B 

1N1224 

1N1224A 

1N1224B 

1N1225 



1N4005 



1N4005 
1N4005 



1N4006 



3-23 



3-23 
3-23 



400 
500 
500 
500 
630 
600 
600 
700 



1.7 
1.0 
1.5 
1.7 
1.0 
1.5 
1.62 
1.0 



1.35 
1.6 
1.6 

1.35 
1.6 
1.6 

1.25 
1.6 



.3 
1.5 
.05 

.3 
1.5 
.05 

.3 
1.5 



25 
20 



25 
20 



25 
20 



1N1225A 

1N1225B 

1N1226 

1N1226A 

1N1226B 

1N1227 

1N1227A 

1N1228 



1N4006 



1N4006 
1N4006 



1N4719 



1N4720 



3-23 



3-23 
3-23 



3-24 



3-24 



700 
700 
800 
800 
800 
50 
50 
100 



1.55 
1.62 
1.0 
1.50 
1.58 
1.0 
1.5 
1.0 



1.1 
1.25 
1.6 
1.1 
1.15 
1.6 
1.6 
1.6 



.5 
.3 
1.5 
.5 
.3 
1.5 
.05 
1.5 



25 
25 
20 
25 
25 
20 

20 



1N1228A 

1N1229 

1N1229A 

1N1230 

1N1230A 

1N1231 

1N1231A 

1N1232 



1N4721 



1N4721 



MR1033A 



1N4722 



3-24 



3-24 



3-24 



100 
150 
150 
200 
200 
300 
300 
400 



1.5 
1.0 
1.5 
1.0 
1.5 
1.0 
1.5 
1.0 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 



.05 
1.5 
.05 
1.5 
.05 
1.5 
.05 
1.5 



20 
20 
20 
20 



1N1232A 

1N1233 

1N1233A 

1N1234 

1N1234A 

1N1235 

1N1236 

1N1237 



1N1238 
1N1239 
1N1240 
1N1241 
1N1242 
1N1243 
1N1244 
1N1244A 



MR1035A 



1N4723 



1N4724 
1N4724 



3-24 



3-24 



3-24 
3-24 



400 
500 
500 
600 
600 
700 
800 
1600 



1.5 
1.0 
1.5 
1.0 
1.5 
1.0 
1.0 



w 

2800 
50 
100 
200 
300 
400 
400 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
.75 



• 05 
1.5 
.05 
1.5 
.05 
1.5 
1.5 



20 

20 

20 
20 
8 



.5 
.25 
.25 
.25 

.2 
.15 

.2 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-23 



- Numerical Index - 



1N1245— 1N1314A 











as 


RECTIFIERS 


ZENER DIODES 












Vr 


V F 


lo 


Ir 


1 surge 




V z (nom) 


Tol 




TYPE 


Ul 


REPLACE- 


PAGE 




(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz(min) 


V z (max) 


v 2 % 


Pd 




I 


MENT 


NUMBER 


z 


SIGNAL DIODES 












LkJ 

a 


PRV 




11111 


Ir 


trr 


TC 




T(min) 


T(max) 












(volts) 


(volts) 






(/AS) 


%/°c 


v z 


°C 


°C 


IN 1245 


s 






R 


500 


I 


.13 


.4 












1N1246 


s 






R 


600 


1 


.115 


.3 












1N1247 


s 






R 


700 


1 


.1 


.2 












1N1248 


s 






R 


800 




• 08 


.1 












1N1249 


s 






R 


900 


] 


.065 


.1 












1N1250 


s 






R 


1000 




.05 


. 1 












1N1251 


s 


1N4002 


3-23 


R 


50 




.25 


.5 


5 










1N1252 


s 


1N4002 


3-23 


R 


100 




• 25 


.5 


5 










1N1253 


s 


1N4003 


3-23 


R 


200 




• 25 


.5 


5 










1N1254 


s 


1N4004 


3-23 


R 


300 




.2 


.5 


5 










IN 1255 


s 


1N4004 


3-23 


R 


400 




.15 


.5 












1N1255A 


s 






R 


400 




.2 


.5 


5 










1N1256 , 


s 






R 


500 


] 


. 13 


.4 












1N1257 


s 






R 


600 




.1 15 


.3 












1N1258 


s 






R 


700 


1 


.1 


.2 












1N1259 


s 






R 


800 




.08 


.1 












1N1260 


s 






R 


900 




.065 


.1 












1N1261 


s 






R 


1000 


1 


.05 


. 1 












1N1262 


s 






R 


4500 




.25 




2.5 










1N1263 


s 






R 


50 




150 




1500 










1N1263A 


s 






R 


50 




200 




2000 










1N1264 


s 






R 


100 




150 




1500 










1N1264A 


s 






R 


100 




200 




2000 










1N1265 


s 






R 


200 




150 




1500 










1N1265A 


s 






R 


200 




200 




2000 










1N1266 


s 






R 


300 




150 




1500 










IN 126 6 A 


s 






R 


300 




200 




2000 










1N1267 


s 






R 


50 




150 




1500 










1N1267A 


s 






R 


50 




200 




2000 










1N1268 


s 






R 


100 




150 




1500 










IN 1268 A 


s 






R 


100 




200 




2000 










1N1269 


s 






R 


200 




150 




1500 










1N1269A 


s 






R 


200 




200 




2000 










IN 1270 


s 






R 


300 




150 




1500 










1N127CA 


s 






R 


300 




200 




2000 










1N1271 


s 






R 


50 




160 


40 












1N1272 


s 






R 


100 




160 


40 












1N1273 


s 






R 


150 




160 


40 












1N1274 


s 






R 


200 




160 


40 












1N1275 


s 






R 


300 




160 


40 












1N1276 


s 






R 


400 




160 


40 












1N1277 


s 






R 


500 




160 


40 












INI 281 


s 






R 


50 




160 


40 












1N1282 


s 






R 


100 




160 


40 












INI 283 


s 






R 


150 




160 


40 












1N1284 


s 






R 


200 




160 


40 












1N1285 


s 






R 


300 




160 


40 












1N1286 


s 






R 


400 




160 


40 












IN 1287 


s 






R 


500 




160 


40 












1N1291 


s 






R 


50 




160 


40 












1N1292 


s 






R 


100 




160 


40 












1N1293 


s 






R 


150 




160 


40 












1N1294 


s 






R 


200 




160 


40 












1N1295 


s 






R 


300 




160 


40 












1N1296 


s 






R 


400 




160 


40 












1N1297 


s 






R 


500 




160 


40 












1N1301 


s 






R 


50 


• 63 


17.5 


15 


300 










1N1302 


s 






R 


100 


• 63 


17.5 


5 


300 










1N1304 


s 






R 


200 


.63 


17.5 


5 


300 










1N1306 


s 






R 


300 


.63 


17.5 


5 


300 










1N1313 


s 




2-12 


ZD 














8 


5 


150H 


IN 1 31 3A 


s 




2-12 


ZD 














9.1 


5 


150M 


1N1314 


s 




2-12 


ZD 














10 


5 


150M 


1N1314A 


s 




2-12 


ZD 














10 


5 


150M 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance 20 mA@ ^ IV), HS— High Speed Switch (Max t rr < 0.3 vs), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP— Special Purpose. 



1-24 



Numerical Index 



1N1315 — 1N1355A 













RECTIFIERS 


ZENER DIODES 


TYPE 




dppi arc 


PAGE 


o 
►— 
<£ 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


V*z (min) 


V z (nom) 
V z (max) 


Tol 

V z % 


Pd 


«c 


MENT 


NUMBER 


Z 


SIGNAL DIODES 


REFERENCE DIODES 










LU 


PRV 

(volts) 


V F 
(volts) 


» If 


Ir 


trr 
(JUS) 


TC 
%/°C 


Vz 


T(min) 
°C 


T(max) 
°C 


1N1315 

1N1315A 

1N1316 

1N1316A 

1N1317 

1N1317A 

1N1318 

1N1318A 


S 

s 
s 
s 
s 
s 
s 
s 




2-12 
2-12 
2-12 
2-12 
2-12 
2-12 
2-12 
2-12 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














12 
12 
15 
15 

20 
18 
25 
22 


5 
5 
5 
5 
5 
5 
5 
5 


150M 
150M 
150M 
150M 
150M 
150M 
150M 
150M 


INI 319 

1N1319A 

1N1320 

1N1320A 

1N1321 

1N1321A 

1N1322 

1N1322A 


s 
s 
s 
s 
s 
s 
s 
5 




2-12 
2-12 
2-12 
2-12 
2-12 
2-12 
2-12 
2-12 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














30 
27 
35 
33 
40 
39 
50 
47 


5 
5 
5 
5 
5 
5 
5 
5 


150M 
150M 
150M 
150M 
150M 
150M 
150M 
150M 


1N1323 

1N1323A 

1N1324 

1N1325 

1N1326 

1N1327 

1N1329 

1N1330 


s 
s 
s 
s 
s 
s 
s 
s 




2-12 
2-12 
2-12 
2-12 
2-12 
2-12 


ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

R 

R 


1500 
50 


1.3 


.1 

240 


.02 

50 


2 




60 
56 
70 
90 
105 
125 


5 
5 
5 
5 
5 
5 


150M 
150M 
150M 
150H 
150M 
150H 


1N1331 
1N1332 
1N1333 
1N1334 
1N1335 
1N1336 
1N1341 
1N1341A 


s 
s 
s 
s 
s 
s 
. s 
s 


MR1120 
MR1120 


3-28 
3-28 


R 
R 
R 
R 
R 
R 
R 
R 


100 
150 
200 
300 
400 
500 
50 
50 


1.6 
1.4 


240 
240 
240 
240 
240 
240 
6 
6 


50 
50 
50 
50 
50 
50 
4 

3.0 


150 
150 










1N1341B 

1N1342 

1N1342A 

1N1342B 

1N1343 

1N1343A 

1N1343B 

IN 1344 


s 
s 
s 
s 
s 
s 
s 
s 


MR1121 
MR1121 

MR1122 
MR1122 

MR1122 


3-28 
3-28 

3-28 
3-28 

3-28 


R 
R 
R 
R 
R 
R 
R 
R 


50 
100 
100 
100 
150 
150 
150 
200 


1.2 

1.6 
1.4 
U2 
1.6 
1.4 
1.2 
1.6 


6 
6 
6 
6 
6 
6 
6 
6 


.45 

4 

2.5 
.45 

4 

2.25 
.45 

4 


160 
150 
150 
160 
150 
150 
160 
150 










1N1344A 

1N1344B 

INI 345 

1N1345A 

1N1345B 

1N1346 

1N1346A 

1N1346B 


s 
s 
s 
s 
s 
s 
s 
s 


MR1122 

MR1123 
MR1123. 

"MR1124 
MR1124 


3-28 

3-28 
3-28 

3-28 
3-28 


R 
R 
R 
R 
R 
R 
R 
R 


200 
200 
300 
300 
300 
400 
400 
400 


1.4 
1.2 
1.6 
1.4 
1.2 
1.6 
1.4 
1.2 


6 
6 
6 
6 
6 
6 
6 
6 


2.0 
.45 

4 

1.75 
.45 

4 

1.5 
• 45 


150 
160 
150 
150 
160 
150 
150 
160 










1N1347 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA— Parametric Amplifier, SP— Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance 20mA@ ^ IV), HS -High Speed Switch (Max t rr < 0.3 xis), 
CS— High Conductance, High Speed Switch, MS- Medium Speed Switch, PA- Parametric Amplifier, SP -Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD-Zener Diode, GP— General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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1 N 1 5 1 9 


s 


1N3825 


2-23 


RD 














4.7 






iNlS 19A 






9 9"* 
Z-ZJ 


RD 




















IN 1 520 


5 


1N3827 


2-23 


RD 














5.6 






1 1* 1 J C \j M 




1 ft9 7 A 
UN joZ /A 


9 9 Q 
Z-Z J 


R D 




















1 N 1 5 2 1 




UN JUlOA 


2-19 


RD 














6.8 






IN 152 1 A 




i ivnni fin 


2-19 


RD 














6.8 






IN 1 522 




IMOfll OA 

UN JUloA 


2-19 


RD 














o • z 






IN 1 522A 


s 


UN J U 1 o D 


9_1 Q 

z-iy 


RD 














8.2 






IN 1 523 




1 M ^ fl 9 fl A 
UN JUZUA 


2-19 


RD 














10 






1 N 1 5 2 3 A 




1 M^f>9flR 
UN JUZUJj 


9_1 Q 
Z- 1 y 


RD 














1 o 






IN 1 524 




1 TJ^f>99 A 
11N JU/^A 


2-19 


RD 














1 z 










1 M^n9 9"R 
UN jUZZd 


9_1 Q 

z- jl y 


RD 














1 2 






IN 1 525 




i vt o ri 9 A A 
UN JUZ'fA 


2-19 


RD 














i j 






1N1525A 


s 


1N3024B 


2-19 


RD 














i j 






IN 1526 




1 Mlfl9 A A 


2-19 


RC 














i a 

1 o 






1 111 1 J£.UH 




UN jUZOd 


9 1 Q 

z-iy 


RD 














1 o 






IN 1527 


5 


1 Min98A 
UN JUZoA 


9_1 Q 

z- iy 


RD 














22 






IN 152 7 A 




UNJUZO.D 


2-19 


RD 














22 






1 N 1 5 2 8 




UN jUJUA 


9 1 Q 

z-iy 


RC 














27 






1 IN 1 JtOM 




UN JUjUJd 


2-19 


RD 














27 






1 N 1 5 30 


c 


1N3156 


2-19 
















8.4 


-55 


100 


1N1530A 


S 


1N3157 


2-19 


RD 














8.4 


-55 


100 


IN 1537 


S 






R 


50 


1.5 


1.6 


.05 












1N1538 


s 


1N4002 


3-23 


R 


100 


1.5 


1.6 


.05 












1N1539 


s 


1N4003 


3-23 


R 


150 


1.5 


1.6 


.05 













R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS- High Speed Switch (Max t rr <• 0.3 ns), 
CS— High Conductance, High Speed Switch, MS- Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 



1-28 



Numerical Index 



1N1540— 1N1595A 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


— i 

cc 


REPLACE* 


PAGE 


ICATIO 


Vr 
(volts) 


V F 
(volts) 


"o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz(mln) 


V z (nom) 
V z (max) 


Tol 

v z % 


Pd 


LU 

t— 
£ 


MENT 


NUMBER 


i— 


SIGNAL DIODES 


REFERENCE DIODES 










uu 

~~ 


PRV 
(volts) 


V F (£ 
( volts ) | 


£ If 


Ir 


trr 


TC 

%/°C 


Vz 


T(min) 
°C 


T(max) 
°C 


1N154G 


s 


1N4003 


3-23 




200 


1.5 


1.6 


.05 












IN 1 54 1 


s 


1N4004 


3-23 


R 


300 


1.5 


1.6 


.05 












1N1542 


s 


1N4004 


3-23 




400 


1.5 


1.6 


.05 












1N1543 


s 


1N4005 


3-23 




500 


1.5 


1.6 


.05 












1N1544 


s 


1N4005 


3-23 




600 


1.5 


1.6 


.05 












1N1551 


s 








100 


1.4 




1 












1N1552 


s 








200 


1.4 




1 












1N1553 


s 






R 


300 


1.4 




1 












1N1554 


s 






R 


400 


1.4 




1 












1N1555 


s 








500 


1.4 




1 












1N1556 


s 








100 


1.4 




1 












IN 1557 


s 








200 


1.4 




1 












1N1558 


s 






n 
K 


300 


1.4 




1 












1N1559 


s 






R 


400 


1.4 




1 












1N1560 


s 






R 


500 


1.4 




1 












1N1561 


G 






HC 


25 


.4 


12M 


25* 












1N1562 


G 






HC 


25 


.4 


8M 


25* 












1N1563 


S 






R 


100 


1.5 


1 


.003 


70 










1N1563A 


S 






R 


100 


1.5 


1.5 


.003 


70 










1N1564 


s 






R 


200 


1.5 


1 


.003 


70 










1N1564A 


s 






R 


200 


1.5 


1.5 


.003 


70 










1N1565 


s 






R 


300 


1.5 


1 


.003 


70 










1N1565A 


s 






R 


300 


1.5 


1.5 


.003 


70 










1N1566 


s 






R 


400 


1.5 


1 


.003 


70 










1N1566A 


s 






^ 


400 


1.5 


1.5 


.003 


70 










1N1567 


s 






R 


500 


1.2 


1 


.005 


70 










1N1567A 


s 






R 


500 


1.5 


1.5 


.003 


70 










1N1568 


s 








600 


1.2 


1 


.005 


70 










1N1568A 


s 








600 


1.5 


1.5 


.003 


70 










1N1569 


s 








100 


1.5 


1 


.005 


70 










1N1570 


s 






R 


20C 


1.5 


1 


.005 


70 










1N1571 


s 






R 


300 


1.5 


1 


.005 


70 










1N1572 


s 








400 


1.5 


1 


.005 


70 










1N1573 


s 








500 


1.5 


1 


.005 


70 










1N1574 


s 






R 


600 


1.5 


1 


.005 


70 










1N1575 


s 






R 


100 


1.5 


3.5 


.005 


70 










1N1576 


s 






R 


200 


1.5 


3.5 


.005 


70 










IN 1577 


s 






R 


300 


1.5 


3.5 


.005 


70 










1N1578 


s 






R 


400 


1.5 


3.5 


.005 


70 










1N1579 


s 






R 


500 


1.5 


3.5 


.005 


70 










1N1580 


s 








600 


1.5 


3.5 


.005 


70 










1N1581 


s 


MR1120 


3-28 


R 


50 


1.5 


3 


5 


40 










1N1582 


s 


MR1121 


3-28 


R 


100 


1.5 


3 


5 


40 










1 N 1 583 


s 


MR1122 


3-28 


R 


200 


1.5 


3 


5 


40 










1N1584 


s 


MR1123 


3-28 


R 


300 


1.5 


3 


5 


40 










1 H 1 585 


s 


MRU 24 


3-28 




400 


1.5 


3 


5 


40 










1N1586 


s 


MR1125 


3-28 


[J 


500 


1.5 


3 


5 


40 










1N1587 


s 


MR1126 


3-28 


R 


600 


1.5 


3 


5 


40 










1N1588 


s 


1N3993 


2-24 


RD 














3.9 






1N1588A 


s 


1N3993A 


2-24 


RD 














3.9 






1N1589 


s 


1N3995 


2-24 


R D 














4.7 






1M1589A 


s 


1N3995A 


2-24 


R C 














4.7 






1N1590 


s 


1N3997 


2-24 


R D 














5.6 






1N1590A 


s 


1N3997A 


2-24 


RD 














5.6 






1 N 1 59 1 


s 


1N2970R 


2-18 


RD 














6.8 






IN 1591 A 


s 


1N2970RB 


2-18 


R D 














6.8 






IN 1592 


s 


1N2972RA 


2-18 


RD 














8.2 






1N1592A 


s 


1N2972RB 


2-18 


RD 














8.2 






1N1593 


s 


1N2974RA 


2-18 


RD 














10 






IN 1593 A 


s 


1N2974RB 


2-18 


RD 














10 






IN 1 594 


s 


1N2976RA 


2-18 


RD 














12 






1N1594A 


s 


1N2976RB 


2-18 


RD 














12 






1N1595 


s 


1N2979RA 


2-18 


RC 














15 






1N1595A 


s 


1N2979RB 


2-18 


RD 














15 







R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP— Special Purpose. 



1-29 



- Numerical Index - 



1N1596— 1N1646 













RECTIFIERS 


ZENER DIODES 


TYPE 


■ 


REPLACE- 


PAGE 


o 
«* 


Vr 
(volts) 


V F 
(volts) 


■o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


V 2 (min) 


V z (nom) 
Vz(max) 


Tol 

V z % 


Pd 


2§ 


MENT 


NUMBER 


it 
z 


SIGNAL DIODES 


REFERENCE DIODES 










ca 


PRV 
(volts) 


Vp 

(volts) 


u If 


Ir 


t. 
*rr 

(JU.S) 


TC 

%/°c 


V Z 


T(min) 


T(max) 
°C 


IN 1 596 


s 


1N2982RA 


2-18 


RD 














18 






IN 159 6 A 


s 


1N2982RB 


2-18 


RD 














18 






INI 597 


s 


1N2985RA 


2-18 


RD 














22 






1 N 1 597A 


s 


1N2985RB 


2-18 


RD 














22 






1M1 COP 
1 IN 1 JVC 


c 

o 


1 MO noon A 

INZyooRA 


2-18 


RD 














27 






1N1598A 


s 


1N2988RB 


2-18 


RD 














27 






1N1599 


s 


1N3993 


2-24 


RD 














3.9 






IN 1 599A 


s 


1N3993A 


2-24 


RD 














3.9 






IN 1 600 
IN 1600A 
IN 1 60 1 


s 
s 
s 


1N3995 

1N3995A 

1N3997 


2-24 
2-24 
2-24 


RD 
RD 
RD 














4.7 
4.7 
5.6 






IN 1 60 1 A 


s 


1N3997A 


2-24 


RD 














5.6 






1 N 1 602 


s 


1N2970A 


2-18 


RD 














6.8 






1N1602A 


s 


1N2970B 


2-18 


RD 














6.8 






IN 1 603 


s 


1N2972A 


2-18 


RD 














lllfil 






IN 1603A 


s 


1N2972B 


2-18 


RD 














lli8 ¥2' 






1N1604 


s 


1N2974A 


2-18 


RD 














lllli;TQ' 






iti i / ni. a 

IN 1604A 


s 


1N2974B 


2-18 


RD 














ll|llll;.0 :; . 






1N1605 


s 


1N2976A 


2-18 


RD 














llillit 






IN 1605A 


s 


1N2976B 


2-18 


RD 














IliiSlIti! 






1 M 1 Aft A 
1 nl 1 OUO 


s 


1 \T9 Q7QA 


2-18 


RD 














Illlii;; 






1 N 1 606A 


s 


1N2979B 


2-18 


RD 














llillit; 






IN 1 607 


s 


1N2982A 


2-18 


RD 














lillllS 






IN 1607 A 


s 


1N2982B 


2-18 


RD 














11S1I1T'8; 






IN 1608 


s 


1N2985A 


2-18 


RD 














wmmm 






IN 1608A 


s 


1N2985B 


2-18 


RD 




















INI 609 


s 


1N2988A 


2-18 


RD 














lllllili 






1N1609A 


s 


1N2988B 


2-18 


RD 














isiiiii! 






1 N 1 6 1 2 


c 
o 


jm 1 1 on 
MK11ZU 


3-28 


R 


50 


1. 5 


5 


1 












IN 1 61 3 


s 


MR1121 


3-28 


R 


100 


1.5 


5 


1 












IN 1 6 1 4 


s 


MR1122 


3-28 


R 


200 


1.5 


5 


] 












IN 1615 


s 


MRU 24 


3-28 


R 


400 


1 . D 


J 














IN 16 16 


s 


MR1126 


3-28 


R 


600 


1.5 


5 


1 












IN 1 61 7 


s 


1N4002 


3-23 


R 


100 


1.2 


1.5 




60 










IN 1 6 1 8 


s 


1N4003 


3-23 


R 


200 


1.2 


1.5 




60 










IN 1 6 1 9 


s 


1N4004 


3-23 


R 


300 


1.2 


1.5 




60 










IN 1620 


c 
o 




3-23 


R 


400 


1.2 


1.5 




60 










1N1621 


s 






R 


100 


1 .2 


10 




80 










1N1622 


s 






R 


200 


1.2 


10 




80 










IN 1623 


s 






R 


300 


1 o 

1 . £. 


1 u 




80 










IN 1 624 
1 N 1 625 


s 






R 
R 


400 
48 


1.2 
1 


10 


.015 


80 
.005 










INI 625A 








R 


48 


1 




.015 


.01 










INI 626 








R 


96 


2 




.015 


• 005 










1 N 1 f\0hh 

1 1 1 lOcOfl 








R 


96 


2 




.015 


.01 










1N1 627 








R 


48 


1 




.027 


.08 










IN 1 628 








R 


96 


2 




.027 


.08 










IN 1 629 








R 


144 






• 027 


• 08 










IN 1 63U 








R 


192 


4 




.027 


.08 










1N1631 








R 


240 


5 




.027 


.08 










1N1632 








R 


288 


6 




.027 


.08 










INI 633 








R 


336 


7 




.027 


.08 










1N1634 
1 N 1 635 

1 Kf 1 A 3 A 








R 
R 


384 
48 
96 


8 
1 

2 




.027 
.108 
.108 


.08 
.25 
.25 










1N1637 








R 


144 


3 




.108 


.25 


















K 




4 




.108 


.2b 










1N1639 








R 


240 


5 




.108 


.25 










INI 640 
1N1641 








R 
R 


48 
96 


1 

2 


.028 
.028 


.240 
.240 


.55 
.55 










1N1642 








R 


144 


3 


.028 


.240 


.55 










1N1644 


s 






R 


50 


.5 


.25 


.4 


15 










1N1645 
1N1646 


s 
s 






R 
R 


100 
150 


.5 
.5 


.25 
.25 


.4 
.3 


15 
15 











R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC-High Conductance!^ 20 mA@^ IV), HS-High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS- Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 



1-30 



- Numerical Index - 



1N1647 — 1N1734A 











z 


RECTIFIERS 


ZENER DIODES 




— ■ 








Vr 




lo 


Ir 


1 surge 




Vz (nom) 


Tol 








REPLACE- 


PAGE 




(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz (min) 


Vz(max) 


V z % 


Pd 


TYPE 


LU 

1— 

<c 


MENT 


NUMBER 


Z 


SIGNAL DIODES 


REFERENCE DIODES 










a 


PRV 


Vf << 


» If 




trr 


TC 




T(min) 


T(max) 












(volts) 


(volts) 




l R 


(/XS) 


%/°c 


Vz 


°C 


°C 


1N1647 


s 






R 


200 


.5 


.25 


.3 


15 










1N1648 


s 






R 


250 


.5 


.25 


.3 


15 










1N1649 


s 






R 


300 


.5 


.25 


.3 


15 










1N165G 


s 






R 


350 


.5 


.25 


.3 


15 










IN 1 65 1 


s 






R 


1*00 


.5 


.25 


.3 


15 










1N1652 


s 






R 


500 


.5 


.25 


.3 


15 










1N1653 


s 






R 


600 


.5 


.25 


.3 


15 










IN 1 660 


s 


MR1210SB 


3-35 


R 


sn 




160 


40 












1N1661 


s 


MR1211SB 


3-35 


R 


100 




160 


40 












1N1662 


s 


MR1212SB 


3-35 


R 


150 




160 


40 












1N1663 


s 


MR1213SB 


3-35 


R 


200 




160 


40 












1N1664 


s 


MR1215SB 


3-35 


R 


300 




160 


40 












1N1665 


s 


MR1217SB 


3-35 


R 


400 




160 


40 












1N1666 


s 






R 


500 




160 


40 












1N1670 


s 






R 


50 




240 


50 












1N1A71 








R 


inn 




240 


50 












1N1672 


s 






R 


150 




240 


50 












1N1673 


s 






R 


200 




240 


50 












1N1674 


s 






R 


300 




240 


50 












1N1675 


s 






R 


400 




240 


50 












1N1676 


s 






R 


500 




240 


50 












1N1680 


s 






R 


150 


1 • 1 


50 


25 


700 










1N1681 


s 






R 


250 


1 • 1 


50 


25 


700 










1N168? 


s 






R 


300 


1 . 1 


50 


?5 


700 










1N1683 


s 






R 


350 


1 - 1 


50 


25 


700 










1N1684 


s 






R 


400 


1 . 1 


50 


25 


700 










1N1685 


s 






R 


450 


1 . 1 


50 


25 


700 










1N1686 


s 






R 


500 


1 • 1 


50 


25 


700 










1N1687 


s 






R 


600 


1 • 1 


50 


25 


700 










1N1688 


s 






R 


700 


1 . 1 


50 


25 


700 










1N1689 


s 






R 


800 


1.1 


50 


25 


700 










1N1690 


s 






R 


900 


1 . 1 


50 


25 


700 










1N1691 


s 






R 


1000 


1 • 1 


50 


25 


700 










IN 1692 


s 


1N4002 


3-23 


R 


100 


.6 


.25 


.5 


20 










1N1693 


s 


1N4003 


3-23 


R 


200 


.6 


.25 


.5 


20 










1N1 69U 


s 


1N4004 


3-23 


R 


300 


.6 


.25 


.5 


20 










1N1695 


s 


1N4004 


3-23 


R 


400 


.6 


.25 


.5 


20 










1N1696 


s 


1N4005 


3-23 


R 


500 


.6 




.5 


20 










1N1697 


s 


1N4005 


3-23 


R 


600 


.6 




.5 


20 










1N1698 


s 






R 


6600 


33 


.062 














1N1699 


s 






R 


10K 


37 


.058 














1N1700 


s 






R 


12K 


45 


.05 














1N1701 


s 


1N4001 


3-23 


R 


50 


1.3 


.3 


.2 


8 










1N1702 


s 


1N4002 


3-23 


R 


100 


1.3 


.3 


.2 


8 










1N17Q3 


s 


1N4003 


3-23 


R 


200 


1.3 


.3 


.2 


8 










1N1704 


s 


1N4004 


3-23 


R 


300 


1.3 


.3 


.2 


8 










IN 1705 


s 


1N4004 


3-23 


R 


400 


1.3 


.3 


.2 


8 










IN 1706 


s 


1N400S 


3-23 


R 


500 


1.3 


.3 


.2 


8 










1N1707 


s 


1N4001 


3-23 


R 


50 


1.15 


.5 


.2 


10 










1N1708 


s 


1N4002 


3-23 


R 


100 


1.15 


.5 


.2 


10 










1N1709 


s 


1N4003 


3-23 


R 


200 


1.15 


.5 


.2 


10 










1N1710 


s 


1N4004 


3-23 


R 


300 


1.15 


.5 


.2 


10 










IN 171 1 


s 


1N4004 


3-23 


R 


400 


1.15 


.5 


.2 


10 










1N1712 


s 


1N4005 


3-23 


R 


500 


1.15 


.5 


.2 


10 










1N1730 


s 


1N4007 


3-23 


R 


1000 


5 




.1 


2.5 










1N1730A 


s 






R 


1 000 




. 35 




6 










1N1731 


s 




3-6 


R 


1500 


5 




.1 


2.5 










1N1731A 


s 






R 


1500 




.35 




6 










1N1732 


s 




3-6 


R 


2000 


9 




.1 


2.5 










1N1732A 


s 






R 


2000 




.35 




6 










IN 1733 


s 




3-6 


R 


3000 


12 




• 1 


2.5 










1N1733A 


s 






R 


3000 




.35 




6 










1N1734 


s 




3-6 


R 


5000 


18 




.1 


2.5 










1N1734A 


s 






R 


5000 




.35 




6 











R— Rectifier, RD-Reference Diode, ZD .-Zener Diode, GP- General Purpose, HC -High Conductance 20 mA@ ^ IV), HS -High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-31 



- Numerical Index - 



1N1735 — 1N1777 











z 


RECTIFIERS 


ZENER DIODES 










o 


Vr 


Vf 


lo 


Ir 


1 surge 




V z (nom) 


Tol 








REPLACE- 


PAGE 


g 


(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


V z (min) 


V z (max) 


V 2 % 


Pd 


TYPE 


Ul 


MENT 


NUMBER 


U- 

z 


SIGNAL DIODES 


REFERENCE DIODES 










Ul 

Q 


PRV 


■ F v; 


- 'F 




t rr 


TC 


















(volts) 


(volts) 






(JU.S) 


%/°C 


Vz 






1N1735 


S 


1N821 


2-32 


ZD 














6.2 


5 


200M 


1N1736 


s 


1N941A 


2-32 


ZD 














12.4 


5 


400M 


IN 1 736A 


s 


1N942A 


2-32 


ZD 














12.4 


5 


400M 


IN 1737 


s 


1N1737 


2-32 


ZD 














18.6 


5 


600M 


1N1737A 


s 


1N1737A 


2-32 


ZD 














18.6 


5 


600M 


1N1738 


s 


1N1738 


2-32 


ZD 














24.8 


5 


800M 


1N1738A 


s 


1N1738A 


2-32 


ZD 














24.8 


5 


80 OH 


1N1739 


§ 


1N1739 


2-32 


ZD 














31.0 


5 


1W 


1N1739A 


s 


1N1739A 


2-32 


ZD 














31.0 


5 


1W 


1N1740 


s 


1N1740 


2-32 


ZD 














37.2 


5 


1.2W 


1N1740A 


s 


1N1740A 


2-32 


ZD 














37.2 


5 


1.2W 


IN 1 714 1 


s 


1N1741 


2-32 


ZD 














43.4 


5 


1.4W 


1N1741A 


s 


1N1741A 


2-32 


ZD 














43.4 


5 


1.4W 


1N1742 


s 


1N1742 


2-32 


ZD 














49.6 


5 


1 .6W 


1N1742A 


s 


1N1742A 


2-32 


ZD 














49.6 


5 


1.6W 


1N1743 


s 






ZD 














10 


5 


10W 


1N1744 


s 






ZD 














10 


10 


1W 


IN 1 745 


s 






R 


1500 


15 


.32 


.2 


3.5 










1N1746 


s 






R 


1 500 


7.5 


.5 


• 2 


3.5 










IN 1747 


s 






R 


1800 


18 


.31 


.2 


3.5 










IN 1748 


s 






R 


1800 


9 


.38 


.2 


3.5 










1N1749 


s 






R 


2400 


24 


• 37 


.2 


3.5 










1N1750 


s 






R 


2400 


12 


.32 


.2 


3.5 










1N1751 


s 






R 


3600 


27 


.42 


• 2 


3.5 










1N1752 


s 






R 


3600 


1 8 


.41 


• 2 


3.5 










1N1753 


s 






R 


4800 


36 


.38 


• 2 


3.5 










1N1754 


s 






R 


4800 


24 


.37 


• 2 


3.5 










1N1755 


s 






R 


6000 


45 


• 33 


• 2 


3.5 










1N1756 


s 






R 


6000 


30 


.41 


.2 


3.5 










1N1757 


s 






R 


7200 


54 


.33 


.2 


3.5 










1N1 758 


s 






R 


7200 


36 


.38 


.2 


3.5 










1N1759 


s 






R 


8000 


60 


.29 


• 2 


3.5 










1N1760 


s 






R 


12K 


60 


.29 


• 2 


3.5 










1N1761 


s 






R 


14K 


52 


.34 


.2 


3.5 










IN 1762 


s 






R 


16K 


60 


.29 


.2 


3.5 










1N1763 


s 


1N4004 


3-23 


R 


400 


3 


.5 


. 1 


35 










1N1763A 


s 






R 


400 


1.2 


1 


.5 


25 










1N1764 


s 


1N4005 


3-23 


R 


500 


3 


.5 


. 1 


35 










1N1764A 


s 






R 


500 


1.2 


1 


.5 


25 










1N1765 


s 






ZD 














5.6 


10 


1W 


1N1765A 


s 






ZD 














5.6 


5 


1W 


1N1766 


s 






ZD 














6.2 


10 


1 W 


1N1766A 


s 






ZD 














6.2 


5 


1W 


1N1767 


s 


1N3016A 


2-19 


ZD 














6.8 


10 


1W 


1N1767A 


s 


1N3016B 


2-19 


ZD 














6.8 


5 


1W 


1N1768 


s 


1N3017A 


2-19 


ZD 














7.5 


10 


1 W 


1N1768A 


s 


1N3017B 


2-19 


ZD 














7.5 


5 


IVf 


1N1769 


s 


1N3018A 


2-19 


ZD 














8.2 


1 0 


1W 


1N1769A 


s 


1N3018B 


2-19 


ZD 














8.2 


5 


1W 


1N177C 


s 


1N3019A 


2-19 


ZD 














9. 1 


10 


1W 


1N1770A 


s 


1N3019B 


2-19 


ZD 














9. 1 


5 


lto 


IN 177 1 


s 


1N3020A 


2-19 


ZD 














10 


10 


1W 


IN 1771 A 


s 


1N3020B 


2-19 


ZD 














10 


5 


1W 


1N1772 


s 


1N3021A 


2-19 


ZD 














1 1 


10 


1W 


1N1772A 


s 


1N3021B 


2-19 


ZD 














1 1 


5 


1W 


IN 1773 


s 


1N3022A 


2-19 


ZD 














12 


10 


1W 


1N1773A 


s 


1N3022B 


2-19 


ZD 














12 


5 


Iw 


1N1774 


s 


1N3023A 


2-19 


ZD 














13 


10 


1W 


1N177UA 


s 


1N3023B 


2-19 


ZD 














13 


5 


1W 


1N1775 


s 


1N3024A 


2-19 


ZD 














15 


10 


IW 


1N1775A 


s 


1N3024B 


2-19 


ZD 














15 


5 


IW 


1N1776 


s 


1N3025A 


2-19 


ZD 














16 


10 


IW 


1N1776A 


s 


1N3025B 


2-19 


ZD 














16 


5 


IW 


1N1777 


s 


1N3026A 


2-19 


ZD 














18 


10 


IW 



R— Rectifier, RD-Reference Diode, ZD- Zener Diode, GP- General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-32 



Numerical Index 



1N1777A— 1N1809 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


— i 


REPLACE- 


PAGE 


o 
g 


Vr 
(volts) 


V F 
(volts) 


■o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (min) 


V z (nom) 
V z (max) 


Tol 
V z % 


Pd 


LLi 


MENT 


NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










£3 


(volts) 


(volts) 


i> If 


Ir 


(JU.S) 


TC 
%/°C 


Vz 


T(min) 
°C 


T(max) 
°C 


1N1777A 
IN 1 778 


S 
S 


1N3026B 
1N3027A 


2-19 
2-19 


ZD 
ZD 














18 

20 


5 
10 


1W 

l w 


1M177Q* 

1 IM 1 f f o A 

INI 779 
INI 779 A 


s 
s 
s 


IN 3027B 
1N3028A 
1N3028B 


2-19 
2-19 
2-19 


ZD 
ZD 
ZD 














20 
22 
22 


5 
10 
5 


1W 
1W 
1W 


1N 1780 


s 


1N3029A 


2-19 


ZD 














24 


10 


1W 


1N1780A 


s 


1N3029B 


2-19 


ZD 














24 


5 


1W 


IN 178 1 


s 


1N3030A 


2-19 


ZD 














27 


10 


1W 


IN 1 78 1 A 


s 


1N3030B 


2-19 


ZD 














27 


5 


1W 


1N1782 


s 


1N3031A 


2-19 


ZD 














30 


10 


1W 


IN 1782A 


s 


1N3031B 


2-19 


ZD 














.30 


5 


1W 


IN 1783 


s 


1N3032A 


2-19 


ZD 














33 


10 


1W 


1N1783A 


s 


1N3032B 


2-19 


ZD 














33 


5 


1W 


1N1784 


s 


1N3033A 


2-19 


ZD 














36 


10 


1W 


IN 1784A 


s 


1N3033B 


2-19 


ZD 














36 


5 


1W 


1N1 785 


s 


1N3034A 


2-19 


ZD 














39 


10 


1W 


1N1785A 


s 


1N3034B 


2-19 


ZD 














39 


5 


1W 


IN 1786 


s 


1N3035A 


2-19 


ZD 














43 


10 


1W 


1N1786A 


s 


1N3035B 


2-19 


ZD 














43 


5 


1W 


1N1787 


s 


1N3036A 


2-19 


ZD 














47 


10 


1W 


1N1787A 


s 


1N3036B 


2-19 


ZD 














47 


5 


1 w 


1N1788 


s 


1N3037A 


2-19 


ZD 














51 


10 


1W 


1N1788A 


s 


1N3037B 


2-19 


ZD 














51 


5 


1W 


1N1789 


s 


1N3038A 


2-19 


ZD 














56 


10 


1W 


1N1789A 


s 


1N3038B 


2-19 


ZD 














56 


5 


1W 


1N1790 


s 


1N3039A 


2-19 


ZD 














62 


10 


l w 


1N1790A 


s 


1N3039B 


2-19 


ZD 














62 


5 


1W 


1N179 1 


s 


1N3040A 


2-19 


ZD 














68 


10 


1W 


1N179 1 A 


s 


1N3040B 


2-19 


ZD 














68 


5 


1W 


1N1792 


s 


1N3041A 


2-19 


ZD 














75 


10 


1W 


IN 1792A 


s 


1N3041B 


2-19 


ZD 














75 


5 


1W 


1N1793 


s 


1N3042A 


2-19 


ZD 














82 


10 


1W 


1N1793A 


s 


1N3042B 


2-19 


ZD 














82 


5 


1W 


IN 1 791+ 


s 


1N3043A 


2-19 


ZD 














91 


10 


1W 


1N1794A 


s 


1N3043B 


2-19 


ZD 














91 


5 


1W 


IN 1795 


s 


1N3044A 


2-19 


ZD 














100 


10 


1W 


1N1795A 


s 


1N3044B 


2-19 


ZD 














100 


5 


1W 


1N1796 


s 


1N3045A 


2-19 


ZD 














1 10 


10 


1 w 


1N1796A 


s 


1N3045B 


2-19 


ZD 














1 10 


5 


1W 


1N1797 


s 


1N3046A 


2-19 * 


ZD 














120 


10 


1 w 


IN J797A 


s 


1N3046B 


2^19 


ZD 














120 


5 


1W 


IN 1798 


s 


1N3047A 


2-19 


ZD 














130 


10 


1W 


1N1798A 


s 


1N3047B 


2-19 


ZD 














130 


5 


1W 


1N1799 


s 


1N3048A 


2-19 


ZD 














150 


10 


IM 


1N1799A 


s 


1N3048B 


2-19 


ZD 














150 


5 


1W 


IN 1800 


s 


1N3049A 


2-19 


ZD 














160 


10 


1W 


1N18C0A 


s 


1N3049B 


2-19 


ZD 














160 


5 


1W 


1N1801 


s 


1N3050A 


2-19 


ZD 














1 80 


10 


1 w 


IN 180 1A 


s 


1N3050B 


2-19 


ZD 














180 


5 


1W 


IN 1802 


s 


1N3051A 


2-19 


ZD 














200 


10 


1W 


1N1802A 


s 


1N3051B 


2-19 


ZD 














200 


5 


1W 


IN 1803 


s 


1N3997 


2-24 


ZD 














5.6 


10 


10W 


IN 1 80 3 A 


s 


1N3997A 


2-24 


ZD 














5.6 


5 


10W 


IN 1 804 


s 


1N3998 


2-24 


ZD 














6.2 


10 


10W 


1N1804A 


s 


1N3998A 


2-24 


ZD 














6.2 


5 


10W 


1N1805 


s 


1N2970A 


2-18 


ZD 














6.8 


10 


10W 


IN 1 8t!bA 


s 


1N2970B 


2-18 


ZD 














6.8 


5 


10W 


1N1806 


s 


1N2971A 


2-18 


ZD 














7.5 


10 


10W 


1N1806A 


s 


1N2971B 


2-18 


ZD 














7.5 


5 


10W 


IN 1 807 


s 


1N2972A 


2-18 


ZD 














8.2 


10 


10W 


1N1807A 


s 


1N2972B 


2-18 


ZD 














8.2 


5 


10W 


1N1808 


s 


1N2973A 


2-18 


ZD 














9.1 


10 


10W 


1N1808A 


s 


1N2973B 


2-18 


ZD 














9. 1 


5 


10W 


1N1809 


s 


1N3007A 


2-18 


ZD 














110 


10 


10W 



R— Rectifier, RD- Reference Diode, ZD-Zener Diode, GP-General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-33 



- Numerical Index - 



1N1809A— 1N1847 













RECTIFIERS 


ZENER DIODES 










o 


Vr 




lo 


Ir 


1 surge 




V z (nom) 


Tol 






«t 


REPLACE- 


PAGE 


g 


(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz (min) 


Vz(max) 


V z % 


Pd 


TYPE 


UJ 

£ 


MENT 


NUMBER 


u- 
z 


SIGNAL DIODES 


REFERENCE DIODES 










LU 
— 


PRV 




& If 




trr 


TC 


















(volts) 


(volts) 




(jU,S) 


%/°C 


Vz 






1N18C9A 


s 


1N3007B 


2-18 


ZD 














no 


5 


10W 


IN 1810 


s 


1N3008A 


2-18 


ZD 














120 


10 


10W 


IN 18 1 0A 


s 


1N3008B 


2-18 


ZD 














120 


5 


10W 


IN 1 8 11 


s 


1N3009A 


2-18 


ZD 














130 


10 


10W 


IN 1 8 1 1 A 


s 


1N3009B 


2-18 


ZD 














130 


5 


low 


1N1812 


s 


1N3011A 


2-18 


ZD 














150 


10 


10W 


1N1812A 


s 


1N3011B 


2-18 


ZD 














150 


5 


10W 


1N1813 


s 


1N3012A 


2-18 


ZD 














160 


10 


TOW 


1N1813A 


s 


1N3012B 


2-18 


ZD 














160 


5 


10W 


1N1814 


s 


1N3014A 


2-18 


ZD 














180 


10 


low 


1N1814A 


s 


LN3014B 


2-18 


ZD 














180 


5 


10W 


IN 1 8 1 5 


s 


1N3015A 


2-18 


ZD 














200 


10 


10W 


1N1815A 


s 


1N3015B 


2-18 


ZD 














200 


5 


10W 


IN 1816 


s 


1N2977A 


2-18 


ZD 














13 


10 


10W 


1N1816A 


s 


1N2977B 


2-18 


ZD 














13 


5 


10W 


1N1817 


s 


1N2979A 


2-18 


ZD 














15 


10 


10W 


1N1817A 


s 


1N2979B 


2-18 


ZD 














15 


5 


10W 


1N1818 


s 


1N2980A 


2-18 


ZD 














16 


10 


10W 


1N1818A 


s 


1N2980B 


2-18 


ZD 














16 


5 


10W 


1N1819 


s 


1N2982A 


2-18 


ZD 














18 


10 


10W 


1N1819A 


s 


1N2982B 


2-18 


ZD 














18 


5 


10W 


1N1820 


s 


1N2984A 


2-18 


ZD 














20 


10 


10W 


1N1820A 


s 


1N2984B 


2-18 


ZD 














20 


5 


10W 


1 N 1 82 1 


s 


1N2985A 


2-18 


ZD 














22 


10 


10W 


1N1821A 


s 


1N2985B 


2-18 


ZD 














22 


5 


10W 


1N1822 


s 


1N2986A 


2-18 


ZD 














24 


10 


10W 


1N1822A 


s 


1N2986B 


2-18 


ZD 














24 


5 


10W 


1N1823 


s 


1N2988A 


2-18 


ZD 














27 


10 


10W 


1N1823A 


s 


1N2988B 


2-18 


ZD 














27 


5 


10W 


1N1824 


s 


1N2989A 


2-18 


ZD 














30 


10 


10W 


1N1824A 


s 


1N2989B 


2-18 


ZD 














30 


5 


10W 


1N1825 


s 


1N2990A 


2-18 


ZD 














33 


10 


10W 


1N1825A 


s 


1N2990B 


2-18 


ZD 














33 


5 


10W 


1N1826 


s 


1N2991A 


2-18 


ZD 














36 


10 


10W 


1N1826A 


s 


1N2991B 


2-18 


ZD 














36 


5 


10W 


1N1827 


s 


1N2992A 


2-18 


ZD 














39 


10 


10W 


1N1827A 


s 


1N2992B 


2-18 


ZD 














39 


5 


10W 


1N1828 


s 


1N2993A 


2-18 


ZD 














43 


10 


10W 


1N1828A 


s 


1N2993B 


2-18 


ZD 














43 


5 


10W 


IN 1829 


s 


1N2995A 


2-18 


ZD 














47 


10 


10W 


1N1829A 


s 


1N2995B 


2-18 


ZD 














47 


5 


10W 


1N1830 


s 


1N2997A 


2-18 


ZD 














51 


10 


10W 


1N1830A 


s 


1N2997B 


2-18 


ZD 














51 


5 


10W 


1N1831 


s 


1N2999A 


2-18 


ZD 














56 


10 


10W 


1N1831A 


s 


1N2999B 


2-18 


ZD 














56 


5 


10W 


1N1832 


s 


1N3000A 


2-18 


ZD 














62 


10 


10W 


IN 1832 A 


s 


1N3000B 


2-18 


ZD 














62 


5 


10W 


1N1833 


s 


1N3001A 


2-18 


ZD 














68 


10 


10W 


1N1833A 


s 


1N3001B 


2-18 


ZD 














68 


5 


10W 


1N1834 


s 


1N3002A 


2-18 


ZD 














75 


10 


10W 


1N1834A 


s 


1N3002B 


2-18 


ZD 














75 


5 


10W 


IN 1835 


s 


1N3003A 


2-18 


ZD 














82 


10 


10W 


1N1835A 


s 


1N3003B 


2-18 


ZD 














82 


5 


row 


1N1836 


s 


1N3004A 


2-18 


ZD 














91 


10 


10W 


1N1836A 


s 


1N3004B 


2-18 


ZD 














91 


5 


10W 


1N1839 


s 






R 


6.8 




• 085 




.26 










1N1840 


s 






R 


10 




.077 




.23 










1N1841 


s 






R 


15 




.063 




.19 










1N1842 


s 






R 


22 




.05 




.15 










1N1843 


s 






R 


33 




.ou 




.12 










1N1844 


s 






R 


47 




.03 




.095 










1N1845 


s 






R 


68 




.023 


.001 


.072 










1N1846 


s 






R 


100 




.016 


.001 


.050 










1N1847 


s 






R 


150 




.on 


.003 


.035 











R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance (^20mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 us), 
CS-High Conductance, High Speed Switch, MS -Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-34 



-Numerical Index - 



1N1848— 1N1911 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr 
(volts) 



Vf lo 'r 'surge 

(volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 











UJ 

— 


PRV 
(volts) 


Vf <& 
(volts) 


- 'F 


Ir 


trr 

(ixS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 

°c 


1 Vi 1 CHC1 

1 M 1 Uti O 
1 Vt IC47 

1 N 1 8 5 C 

1 M 1 p C 1 
IN ICJ 1 

1 l\i 1 8 5 2 


S 

c 
o 

c 
o 

s 
s 






R 
R 
R 
R 
R 


220 
330 
47 0 
6.8 
1 0 




• 0C9 

• 0C6 
.085 
. 077 


.005 
• 005 
.005 


.028 
• 024 
.020 
.26 
.23 










1 N 1 853 


s 






R 


1 5 




• 063 




.190 










INI 854 


s 






R 


22 




.05 




.150 










1 N 1855 


s 






R 


33 




.04 




. 120 










1 N 1 856 


s 






R 


47 




• C3 




.095 










1 N 1 857 


s 






R 


68 




.023 


.001 


• 072 










1 N 1 8 58 


s 






R 


100 




• 0 1 6 


• 00 1 


• 050 










1 N 1 859 


s 






R 


150 




.011 


.003 


.035 










1 N 1860 


s 






R 


220 




.009 


.005 


• 028 










1 N 1 86 1 


s 






R 


330 






.005 


• 024 










1 N 1 862 


s 






R 


470 




.006 


.005 


.020 










IN 1863 


s 






R 


6-8 




.085 




• 260 










IN 1 864 


s 






R 


1 0 




.077 




.230 










1N1865 


s 






R 


1 5 




.063 




. 190 










1N1866 


s 






R 


22 




.05 




. 150 










IN 1 867 


s 






R 


33 




• 04 




.120 










IN 1 868 


s 






R 


47 




. C3 




.095 










IN 1869 


s 






R 


68 




.023 


• 00 1 


• 072 










1N1870 


s 






R 


100 




.016 


.001 


.050 










1 N 1 87 1 


s 






R 


150 




.011 


.003 


.035 










IN 1 872 


s 






R 


220 




.009 


.005 


.028 










1N1873 


s 






R 


330 






.005 


.024 










IN 1 87*4 


s 






R 


470 




• 006 


.005 


.020 










IN 1 875 


s 


LN3018A 


2-19 


ZD 














8.2 


10 


1W 


1N1 876 


s 


1N3020A 


2-19 


ZD 














1 0 


10 


1W 


IN 1 877 


s 


1N3022A 


2-19 


ZD 














12 


10 


1W 


IN 1 878 


s 


1N3024A 


2-19 


ZD 














15 


10 


1W 


1 N 1 87 9 


s 


1N3026A 


2-19 


ZD 














1 8 


10 


1 w 


1 N 1 ecu 


s 


1N3028A 


2-19 


ZD 














22 


10 


1W 


IN 1 88 1 


s 


1N3030A 


2-19 


ZD 














27 


10 


1 W 


IN 1 882 


s 


1N3032A 


2-19 


ZD 














33 


10 


1W 


IN 1 883 


s 


1N3034A 


2-19 


ZD 














39 


10 


1W 


IN 1 cou 


s 


1N3036A 


2-19 


ZD 














47 


10 


1 w 


IN 1 885 


s 


1N3038A 


2-19 


ZD 














56 


1C 


1W 


nil Ofli 

IN 1 coo 


s 


IN 3 04 OA 


2-19 


ZD 














68 


10 


1 w 


1 N 1 887 


s 


1N3042A 


2-19 


ZD 














82 


10 


1W 


IN 1 888 


s 


1N3044A 


2-19 


ZD 














100 


10 


1 w 


IN 1 COY 


s 






ZD 














1 20 


10 


1 W 


IN 1 cVO 


s 






ZD 














150 


10 


1W 


IN 189 1 


s 


1N2972A 


2-18 


ZD 














8.2 


10 


1 ow 


1N1892 


s 


1N2974A 


2-18 


ZD 














10 


10 


10W 


1N1893 


s 


1N2976A 


2-18 


ZD 














10 


10 


1 ow 


IN 1 894 


s 


1N2979A 


2-18 


ZD 














15 


10 


10W 


i m i one 
\ N 1 cVD 


s 


1N2982A 


2-18 


ZD 














18 


1 0 


1 ow 


IN 1896 


s 


1N2985A 


2-18 


ZD 














22 


10 


low 


IN 1 897 


s 


1N2988A 


2-18 


ZD 














27 


10 


low 


IN 1 898 


s 


1N2990A 


2-18 


ZD 














33 


10 


10W 


1N1899 


s 


1N2992A 


2-18 


ZD 














39 


10 


10W 


IN 1900 


s 


1N2995A 


2-18 


ZD 














47 


10 


low 


IN 190 1 


s 


1N2999A 


2-18 


ZD 














56 


10 


1 ow 


I h 1902 


s 


1N3001A 


2-18 


ZD 














68 


10 


1 ow 


1N1903 


s 


1N3003A 


2-18 


ZD 














82 


10 


10W 


1N1904 


$ 


1N3005A 


2-18 


ZD 














100 


10 


10W 


1N1905 


s 






ZD 














120 


10 


10W 


1N1906 


s 






ZD 














150 


10 


10W 


1N1907 


s 


1N4001 


3-23 


R 


50 


1.0 


1.5 


.01 


30 










1N1908 


s 


1N4002 


3-23 


R 


100 


1.0 


1.5 


.01 


30 










1N1909 


s 


1N4003 


3-23 


R 


200 


1.0 


1.5 


.01 


30 










1N191Q 


s 






R 


300 


1.0 


1.5 


.01 


30 










IN 19 1 1 


s 


1N4004 


3-23 


R 


400 


1.0 


1.5 


.01 


30 











ZENER DIODES 



VWmirri V Z< nom > To! P „ 
Vz(mm) Vz(max) Vz o /o Pd 



REFERENCE DIODES 



R— Rectifier, RD- Reference Diode, ZD-Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max U < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-35 



Numerical Index 



1N1912— 1N1975 











z 


RECTIFIERS 


ZENER DIODES 










C3 
1— 


Vr 


V F 


■o 


Ir 


1 surge 




V z (nom) 


Tol 




TYPE 




REPLACE- 


PAGE 


C3 


(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz (min) 


V z (max) 


V z % 


P D 




MENT 


NUMBER 


NTIFI 


SIGNAL DIODES 


REFERENCE DIODES 










UJ 


PRV 


Vr fi 

mmfi *S 


" "F 




trr 


TC 






T(max) 










— 


(volts) 


(volts) 




l8tl 


(jU-S) 


%/"C 


Vz 




*C 


1 N 1 9 1 2 


S 


1N4005 


3-23 


R 


500 


1.0 


1 .5 


.01 


30 










IN 1 91 3 


S 


1N4005 


3-23 


R 


600 


1.0 


1.5 


• 01 


30 










1 N 1 9 1 4 


s 


1N4006 


3-23 


R 


700 


1.0 


1.5 


.01 


30 










1 N 1 9 1 5 


s 


1N4006 


3-23 


R 


800 


1.0 


1 .5 


.01 


30 










1 N 1 9 1 6 


s 


1N4007 


3-23 


R 


900 


1.0 


1 .5 


.01 


30 










1 N 1 9 1 7 


s 






R 


50 


1.0 


4 


.01 


30 










1N1918 


s 






R 


100 


1.0 


4 


.01 


30 










IN 1919 


s 






R 


200 


1.0 


4 


.01 


30 










INI 920 


s 






R 


300 


1.0 


4 


.01 


30 










IN 192 1 


s 






R 


400 


1.0 


4 


.01 


30 










1N1922 


s 






R 


500 


1.0 


4 


.01 


30 










1NT923 


s 






R 


600 


1.0 


4 


.01 


30 










1N1924 


s 






R 


700 


1 • 0 


4 


.01 


30 










IN 1925 


s 






R 


800 


1 . 0 


4 


.01 


30 










IN 1926 


s 






R 


900 


1.0 


4 


.01 


30 










IN 1927 


s 


1N748 


2-10 


ZD 














3.9 


10 


200M 


IN 1 928 


s 


1N750 


2-10 


ZD 














4.7 


10 


200M 


IN 1929 


s 


1N752 


2-10 


ZD 














5.6 


10 


200M 


IN 1930 


s 


1N754 


2-10 


ZD 




J 










6.8 


10 


200M 


IN 1931 


s 


1N959A 


2-11 


ZD 














8.2 


10 


200M 


IN 1932 


s 


1N961A 


2-11 


ZD 














10 


10 


200M 


1N1933 


s 


1N963A 


2-11 


ZD 














12 


10 


200M 


IN 1934 


s 


1N965A 


2-11 


ZD 














15 


10 


20 ON 


1N1935 


s 


1N967A 


2-11 


ZD 














18 


10 


200M 


1N1936 


s 


1N969A 


2-11 


ZD 














22 


10 


200M 


1N1937 


s 


1N971A 


2-11 


ZD 














27 


10 


20QH 


IN 1938 


s 


1N973A 


2-11 


ZD 














33 


10 


200H 


1N1939 


s 


1N975A 


2-11 


ZD 














39 


10 


200M 


IN 1940 


s 


1N977A 


2-11 


ZD 














47 


10 


200M 


IN 1 94 1 


s 


1N979A 


2-11 


ZD 














56 


10 


200W 


1N1942 


s 


1N981A 


2-11 


ZD 














68 


10 


200M 


1N1943 


s 


1N983A 


2-11 


ZD 














82 


10 


20 OH. 


IN 1944 


s 


1N985A 


2-11 


ZD 














100 


10 


200M 


IN 1 945 


s 


1N987A 


2-11 


ZD 














120 


10 


200M 


1N1946 


s 


1N988A 


2-11 


ZD 














150 


10 


200M 


1N1947 


s 


1N991A 


2-11 


ZD 














180 


10 


200M 


INI 948 


s 






ZD 














220 


10 


200M 


1N1949 


s 






ZD 














270 


10 


200M 


1N1950 


s 






ZD 














330 


10 


200M 


1N195 1 


s 






ZD 














390 


10 


200M 


1N1952 


s 






ZD 














470 


10 


200M 


IN 1 953 


s 






ZD 














560 


10 


200M 


INI 954 


s 


1N748 


2-10 


ZD 














3.9 


10 


400M 


1N1955 


s 


1N750 


2-10 


ZD 














4.7 


10 


400M 


IN 1956 


s 


1N752 


2-10 


ZD 














5.6 


10 


400M 


IN 1 957 


s 


1N754 


2-10 


ZD 














6.8 


10 


400M 


1N1958 


s 


1N959A 


2-11 


ZD 














8.2 


10 


400M 


INI 959 


s 


1N961A 




ZD 














10 


10 


400M 


INI 960 


s 


1N963A 


2-11 


ZD 














12 


10 


400M 


1 N 1 96 1 


s 


1N965A 


2-11 


ZD 














15 


10 


400M 


IN 1962 


s 


1N967A 


2-11 


ZD 














18 


10 


400M 


IN 1963 


s 


1N969A 


2-11 


ZD 














22 


10 


400M 


IN 1 964 


s 


1N971A 


2-11 


ZD 














27 


10 


400M 


INI 965 


s 


1N973A 


2-11 


ZD 














33 


10 


40 OH 


1N1966 


s 


1N975A 


2-11 


ZD 














39 


10 


400M 


1N1967 


s 


1N977A 


2-11 


ZD 














47 


10 


400M 


1N1 968 




1N979A 


2-11 • 


ZD 














56 


10 


400M 


1N1 969 


s 


1N981A 


2-11 


ZD 














68 


10 


400M 


IN 1 970 


s 


1N983A 


2-11 


ZD 














82 


10 


400M 


IN 197 1 


s 


1N985A 


2-11 


ZD 














100 


10 


400M 


1N1972 


s 


1N987A 


2-11 


ZD 














120 


10 


400M 


1N1973 


s 


1N989A 


2-11 


ZD 














150 


10 


4C0M 


1N1974 


s 


1N991A 


2-11 


ZD 














180 


10 


400H 


1N1975 


s 






ZD 














220 


10 


400H 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance (^20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA -Parametric Amplifier, SP-Special Purpose. 



1-36 



Numerical Index 



1N1976— 1N2039 













RECTIFIERS 


ZENER DIODES 


TYPE 


■a: 


REPLACE- 


PAGE 


o 
►— 
«s 


Vr 
(volts) 


Vf 
(volts) 


"o 
(Amps) 


Ir 
(mA) 


Uurge 
(Amps) 


Vz (min) 


V z (nom) 
V z (max) 


Tol 

V z % 


Pd 


LU 
H— 
«C 

ZE 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 












PRV 
(volts) 


V F <* 
(volts) 


- If 


Ir 


trr 
(IMS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 

°c 


1N1976 
1N1977 
1N1978 
1N1979 
INI 980 
IN 198 1 
1N1982 
1N1983 


s 
s 
s 
s 

S 

s 
s 


1N748 
1N750 
1N752 


2-10 
2-10 
2-10 


ZD 
ZD 
ZD 
ZD 
7 n 

L U 

ZD 
ZD 
ZD 














270 
330 
390 
470 
560 
3.9 
4.7 

3 . o 


10 
10 
10 
10 
10 
10 
10 
1 u 


400M 
400M 
400M 
400M 
400M 
150M 
150H 
1 Dun 


1N1984 
1N1985 
1N1986 
1N1987 

1 IN 1 7CJO 

1N1989 
1N1990 
1N1991 


s 
s 
s 
s 

c 
o 

s 
s 
s 


1N754 

1N959A 

1N961A 

1N963A 

1N965A 

1N967A 

1N969A 

1N971 A 


2-10 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














6.8 
8.2 

10 
12 
15 
18 

22 
27 


^0 
10 
10 
10 
10 
10 
10 
1 0 


150M 
150M 
150M 
150M 
150M 
150M 
150M 
1 50M 


1N1992 
1N1993 
1N1994 
1N1995 
INI 996 
1N1997 
1N1998 
1N1999 


s 
s 
s 
s 

s 
s 
s 


1N973A 
1N975A 
1N977A 
1N979A 
1N981A 
1N983A 
1N985A 
1N987A 


2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














33 
39 
47 
56 
68 
82 
100 
120 


10 
10 
10 
10 
10 
10 
10 
10 


150M 
150M 
150M 
150M 
150M 
150M 
150M 
1 50M 


1N2000 
1N2001 
1N2002 
1N2003 

1N2005 
1N2006 
1N2007 


s 
s 
s 
s 

s 
s 
s 


1N989A 
1N991A 


2-11 
2-11 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














150 
180 
220 
270 
330 
390 
470 
560 


10 
10 
10 
10 
10 
10 
10 
10 


150M 
150M 
150M 
150M 
150M 
150M 
150M 
1 50M 


1N2008 
1N2C09 
1N2010 
1N2011 
1N201 2 
1N2013 
1N2C14 
1N2015 


s 
s 
s 
s 
s 
s 
s 
s 


1N3005A 
1N3007A 
1N3008A 
1N3009A 

1 XT 1 A1 1 A 

1N3011A 


2-18 
2-18 
2-18 
2-18 
2-18 


ZD 

ZD 

ZD 

ZD 

ZD 

R 

R 

R 


50 
100 
150 


1.2 
1.2 
1 .2 


.25 
.25 
.25 


.25 
.25 

.25 


10 

10 
1 0 




100 
1 10 
120 
130 
150 


10 
10 
10 
10 
10 


10W 
10W 
10W 
10W 
10W 


1N2016 
1N2017 
1N2018 
1N2019 
1N2C20 
1N2021 
1N2C22 
1N2023 


s 
s 
s 
s 

s 
s 
s 






R 
R 
R 
R 

R 
R 
R 


200 
250 
300 
350 
400 
150 
250 
300 


1.2 
1.2 
1.2 
1.2 
1.2 
1.5 
1.5 
1.5 


.25 
.25 
.25 
.25 
.25 
10 
10 
1 0 


.25 
.25 
.25 
.25 
.25 
5 
5 
5 


10 
10 
10 
10 
10 

no 

110 
110 










1N2024 
1N2025 
1N2026 
1N2C27 
1 N2028 
1N2029 
1N2G30 
1N2031 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 

R 
R 

R 


350 

1400 

50 
200 
300 
400 
500 
600 


1.5 
1.5 

2 
2 
2 
2 
2 
2 


10 
10 


5 
5 
.5 
.5 
.5 
.5 
.5 
.5 


110 
110 

25 
25 
25 
25 
25 
25 










IN2U32 
1N2033 
1N2034 
1N2035 
1N2036 
1N2037 
1N2038 
1N2039 


i> 
s 
s 
s 
s 
s 
s 
s 


IN3B25 

1N3826 

1N3829 

1N3018A 

1N3020A 

1N3023 

1N3025A 

1N3027A 


2-23 
2-23 
2-19 
2-19 
2-19 
2-19 
2-19 


ZU 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












4.3 
5.2 
6.2 
7.5 
9.0 
11.0 
13.5 
17.0 


b.4 
6.4 
8.0 
10.0 
12.0 
14.5 
18.0 
21.0 




25UM 
750M 
750M 
750M 
750M 
750H 
750M 
750M 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance 20mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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Numerical Index 



1N2040 — 1N2111 
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o 
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ca 
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(volts) 
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(volts) 
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(Amps) 
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V z (max) 


Tol 
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Pd 
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MENT 
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r— 
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REFERENCE DIODES 










LU 
Q 


PRV 
(volts) 


V F « 
(volts) 




Ir 


trr 
(/AS> 


TC 

%/°c 


Vz 


T(min) 

•c 


T(max) 
°C 


1N2040 
1N2041 
1N2042 
1N2043 
1N2044 
1N2045 
1N2046 
1N2047 


S 
S 
S 
S 

s 
s 
s 
s 


1N3029A 

1N3995 

1N3997 

1N3997A 

1N?97^A 

1H2974A 
1N2977A 
1N2980A 


2-19 
2-24 
2-24 
2-24 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












20.0 
4.3 
5.2 
6.2 
7.5 
9.0 
11.0 
13.5 


27.0 
5.4 
6.4 
8.0 
10.0 
12.0 
14.5 
18.0 




750M 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N2048 
1N2049 
1N2054 
1N2055 

1 iN«£UDO 

1N2057 
1N2058 
1N2059 


s 
s 
s 
s 

c 

o 

s 
s 
s 


1N2983A 
1N2986A 
MR1230SB 
MR1231SB 

Turn 1 OOOPD 

MR1233SB 
MR1234SB 
MR1235SB 


2-18 

2- 18 

3- 41 
3-41 
3-41 
3-41 
3-41 
3-41 


ZD 
ZD 

R 
R 
R 
R 
R 
R 


50 
100 
150 
200 
250 
300 


1.6 
1.6 
1.6 
1.6 
1.6 
1 .6 


250 
250 
250 
250 
250 
250 


55 
55 
55 
55 
55 
55 


4500 
4500 
4500 
4500 
4500 
4500 


17.0 
20.0 


21.0 
27.0 




10W 
10W 


1N2060 
1N2061 
1N2062 
1N2063 
1N2064 
1N2065 
1N2066 
1N2067 


s 
s 
s 
s 
s 
s 
s 
s 


MR1236SB 
MR1237SB 


3-41 
3-41 


R 
R 
R 

R 

R 
R 
R 


350 
400 
450 
500 
600 
700 
800 
900 


1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 


250 
250 
250 
250 
250 
250 
250 
250 


55 
55 
55 
55 
55 
55 
55 
55 


4500 
4500 
4500 
4500 
4500 
4500 
4500 
4500 










1N2068 

1N2069 

1N2069A 

1N2070 

1NP070A 

1N2071 

1N2071A 

1N2072 


s 
s 


1N4003 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4001 


3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 


R 
R 
R 
R 

R 
R 
R 


1000 
200 
200 
400 
400 
600 
600 
50 


1.6 
.6 
.5 
.6 

.5 
.6 
.5 


250 
.75 
.75 
.75 
.75 
.75 
.75 
. 625 


55 

.2 
.05 

.2 
.05 

.2 
.05 
.25 


4500 
22 
22 
22 
22 
22 
22 
30 










1N2073 
1N2074 
1N2075 
1N2076 
1N2077 
1N2078 
1N2079 
1N2080 


s 
s 
s 
s 

5 

s 
s 
s 


1N4002 
1N4003 
1N4003 
1N4004 
1N4004 
1N4004 
1N4005 


3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 


R 
R 
R 
R 

R 
R 
R 


100 
150 
200 
250 
300 
400 
500 
50 


• 75 


.625 
.625 
.625 
.625 
.625 
.625 
.625 
.5 


.25 
.25 
.25 
.25 
.25 
.25 
.25 
• 35 


30 
30 
30 
30 
30 
30 
30 
1 5 










1N2081 
1N2082 
1N2083 
1N2084 
1N2085 
1N2086 
1N2088 
1N2089 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


100 
200 
300 
400 
500 
600 
500 
600 


.75 
.75 
.75 
.75 
.75 
.75 
1.2 
1.2 


.5 
.5 
.5 
.5 
.5 
.5 
.75 
.75 


.35 
.35 
.35 
.35 
.35 
.35 
.5 
.5 


15 
15 
15 
15 
15 
15 
30 
30 










1N2090 
1N2091 
1N2092 
1N2Q93 
1N2094 
1N2095 
1N2096 
1N2103 


s 
s 
s 
s 
s 
s 
s 
s 


1N4001 


3-23 


R 
R 
R 
R 

R 

R 
R 
R 


50 
100 
200 
300 
400 
500 
600 

50 


.5 
.5 
.5 
.5 
.5 
.5 
.5 
1.2 


.5 
.5 
.5 
.5 
.5 
.5 
.5 
.75 


.25 
.25 
.25 
.25 
.25 
.25 
.25 
.3 


15 
15 
15 
15 
15 
15 
15 
10 










1N2104 
1N2105 
1N2106 
1N2107 
1N2108 
1N2109 
1N2110 
1N2111 


$ 
s 
s 
s 
s 
s 
s 
s 


1N4002 
1N4003 
1N4004 
1N4004 
1N4005 


3-23 
3-23 
3-23 
3-23 
3-23 


R 
R 
R 
R 
R 
R 
R 
R 


100 
200 
300 
400 
500 
50 
100 
200 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


.75 
.75 
.75 
.75 
.75 
2 
2 
2 


.3 
.3 

.3 
.3 
.3 
.3 
.3 
.3 


10 
10 
10 
10 
10 
10 
10 
10 











R— Rectifier, RD— Reference Diode, ZD-Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t r , < 0.3ms), 
CS— High Conductance, High Speed Switch, MS -Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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Numerical Index 



1N2112 — 1N2169 
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—j 






CD 


Vr 




lo 


Ir 


1 surge 




V z (nom) 


Tol 
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(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz(min) 


V z (max) 


v z % 


Pd 


TYPE 


£i 
£ 
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NUMBER 


NTIFI 


SIGNAL DIODES 


REFERENCE DIODES 










UJ 


PRV 


V F <c 


£ If 




trr 


TC 




T(min) 


T(max) 












(volts) 


(volts) 




Ir 


(/AS) 


%/°c 


Vz 


°C 


°C 


1 N2 1 1 2 










300 


1.2 


2 


• 3 


1 0 










1 N2 1 1 3 


5 








400 


1.2 


2 


• 3 


1 0 










1N2 114 


s 








500 


1.2 


2 


• 3 


1 0 










1N2 1 15 


s 








365 


• 8 


.2 


• 25 


1 0 










1N2 1 16 


s 








400 


1.4 


.5 


.4 


1 5 










1 N2 1 17 


5 






R 


720 


1.3 


.75 


.010 


1 5 










1 N2 1 28 




IlKLZUUr Li 


3-32 


R 


50 


2.0 


60 


1 0 


700 










1MO 1 9 « A 




Turn 1 OfinVT 
i L iUUr Li 


3-32 


R 


n 


9 n 


a n 
0 u 


1 n 
1 u 


900 










1 N2 129 


c 
o 


MP 1 9fll T7T 


3-32 


R 


inn 

lUU 


9 n 
z . u 


An 
0 u 


1 n 
1 u 


7nn 

lUU 










1N2 1 29 A 


5 


MR 1 9ni V^ 

ril\ J. £.\J LC Li 


3-32 


R 


100 


2. 0 


60 


1 0 


900 










1 N2 130 




MP 1 909VT 

rix\ L £.\J£.E Li 


3-32 


R 


150 


2.0 


60 


1 0 


700 










1 KI9 1 *n A 




MP 1 9H9T7T 
JXLKL iUZr Li 


3-32 


R 


150 


2.0 


60 


1 0 


900 










1 P42 131 


c 


MKlZUJrL 


3-32 


R 


200 


2.0 


60 


1 0 


700 










1 M 9 1 X 1 A 

mm z i j i a 


o 


MKlZUJr L 


3-32 


R 


200 


2.0 


60 


1 0 


900 










1N2 1 32 




vrn 1 9HAT7T 
IMKLZU^+rLi 


3-32 


R 


250 


9 n 

Z. VJ 


60 


1 n 
1 u 


700 










1 NP 1 *9 A 




MP 1 9 n AUT 
ntv a iUtr Li 


3-32 


R 


250 


2. 0 


60 


1 0 


900 










1N2 1 33 


s 


MP 1 9HST?T 
JMl\.LZU jr Li 


3-32 


R 


300 


2.0 


60 


1 0 


700 










1 N 2 1 A 


s 




"\ **9 


D 

K 


300 


2.0 


60 


1 0 


900 










1 H2 1 34 




MP 1 9nAT7T 
rlKLZUOr Li 


3-32 


R 


350 


2.0 


60 


1 0 


700 










1 v* Z 1 OHA 


c 
o 


MP 1 9n^T7T 
MlZUoi Li 


3-32 


R 


350 


9 n 
z . u 


60 


i n 
1 u 


900 










1N2 135 


<5 


MP 1 9fi7T?T 
P1K.LZU / r Li 


3-32 


R 


HUU 


9 n 
z. u 


An 

OvJ 


1 n 
1 u 


vn n 
1 u u 










1 IN Z 1 JJH 




MKIZU /r L 


^ ^9 
J - JZ 


R 


400 


9 n 
z . u 


An 
ou 


i n 
1 u 


onn 
v u u 










1 N2 136 


£ 






R 


450 


9 n 
z. u 


60 


1 n 
1 u 


700 










1 NP 1 3A A 


5 






— 


450 


2.0 


60 


1 0 


900 










1 N2 137 


c 

o 






R 


500 


p n 
z . u 


60 


1 n 
1 u 


700 










1 INI it. 1 JlA 








R 


enn 
jUU 


9 n 
z • u 


An 
ou 


i n 
1 u 


onn 










1 N2 138 


C 
O 






R 


Ann 
ouu 


9 n 
z. u 


An 
ou 


i n 
1 u 


7n n 
1 u u 










1 IN Z 1 JOA 


C 
O 






R 


600 


2.0 


60 


i n 
1 u 


900 










1 N 2 1 3 9 








R 


20K 


60 


.052 


m 2 


3.5 










1 N2 1 46 








CS 


120 


1.1 


500M 


1 * 












1 M 9 1 h 7 


S 






R 


50 


1.2 


A. 


9 5 


150 










1 H Z 1 4 f A 


c 
o 








50 


1 




. ] 


1 50 










1 K! 9 1 li R 








— 

R 


100 


1.2 


A, 




150 










1 NP 1 URA 

live. 1 H O M 








R 


100 




^ 




150 










1 N2 149 


s 








200 


1.2 


5 


. 5 


1 50 










1N2 149A 










200 




5 


m 1 


1 50 










1 N2 1 50 








R 


300 


1.2 


A, 


• 5 


150 










1 M 9 1 R O A 

1 I H Z 1 J'JA 








R 


300 


] 


A, 


# 1 


150 










1 N2 1 5 1 








R 


400 


1.2 




c 
. 3 


1 3U 










1 NP 1 R 1 A 








R 


400 


1 




1 

* 1 


150 










1 N2 1 52 








R 


500 


1.2 


A, 


c 
. 3 


mn 
1 3 u 










1 N2 1 52 A 


s 






R 


500 




A, 


. "J 


150 










1 N2 153 








R 


600 


1.2 


A, 




1 Rn 

1 3U 










1 N2 1 53A 


c 
o 






R 


600 


1 


O 


1 


1 «^n 

1 JU 










1 N2 154 




1N1183 


3-10 


R 


JU 


. 0 


ZD 


t; n 

3. U 


inn 
OUU 










1 M2 1 55 




IN 11 84 


3—10 


R 


inn 


. 0 


9 *i 
ZO 


It £ 
**• 3 


OUU 










1N2156 




1 vtl 1 0£ 

IJNLLoO 


J-IU 


R 


200 


• 6 


Z D 


4.0 


^nn 
ouu 










1N2 157 


s 


LJN 110/ 


1 in 
J — LU 




300 


.6 


25 


3.5 


300 










1N2 1 58 


5 


1N1188 


3-10 


R 


400 


• 6 


25 


3.0 


300 










1 N2 1 59 




1N1189 


3-10 


R 


500 


• 6 


9 ^ 


9 ^ 

Z. 3 


^nn 
ouu 










1 W 9 1 AH 


c 

o 


1N1190 


3-10 


R 


Ann 


* 0 


9 

ZO 


0 n 
z • u 


^nn 
ouu 










1 N 2 163 




1N2621 


2—32 


RD 












fin'? 


y • 0 


Q 


1 U 


1N2163A 


s 






RD 












• 005 




Q 


70 


1N2 164 


s 


1 N9 A91 & 


2-32 


RD 












.005 


9.8 


—55 


1 25 


1NP 1 All A 

llii IUHM 








RD 












.005 


9.6 


—55 


1 PR 
1 zo 


1N9 lAt; 
1 INZ IOj 


c 
5 


lNzozlB 


2-32 


RD 












loC5 


9^8 


-55 


185 


1 1 N Z IOjA 








RD 












.005 


9.6 


-55 


185 


1N2 166 


s 




2-32 


RD 












.001 


9.8 


0 


70 


IMP 1 AAA 


s 






RD 












.001 


9.6 


0 


70 


1 N2 1 67 




LNZoZJA 


2-32 


RD 












.001 


9.8 


-55 


125 


1N2167A 


S 






RD 












.001 


9.6 


-55 


125 


1N2168 


s 


1N2623B 


2-32 


RD 












o001 


9.8 


-55 


185 


1N2168A 


s 






RD 












.001 


9.6 


-55 


185 


1N2169 


s 


1N2624 


2-32 


RD 












«0C05 


9o8 


0 


70 



R-Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, IIC-High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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Numerical Index 



1N2169A— 1N2227A 
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1N2169A 
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S 
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RD 
RD 












. u u 10 
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1 ZD 


1N2 1 70A 


s 






RD 
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s 
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RD 
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DU 


1 k 

1 • D 


c;n 

DU 
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R 


inn 
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DU 
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0 






R 


200 


1.5 


50 


.25 
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c 
0 






R 


n 

DU 


1 1 
1 * i 


3 


.3 


1 5 










1 ViZ 1 f l 


0 
0 






R 
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3 


. 3 


1 5 










1 NO 1 7 P 
1 viZ 1 1 O 


s 






R 


150 


1*1 


3 


. 3 


1 5 










1 H! 9 1 7 0 


s 






R 


200 


1.1 


3 


• 3 


1 5 










1 HI 9 1 tin 


s 






R 


300 


1.1 


3 


. 3 


1 5 










1 M 9 1 B 1 


c 






R 
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1 1 
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D 
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. 3 
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s 






R 
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1.1 


3 


. 3 
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s 






R 
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5J 
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R 
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40 
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ji n 
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R 


DU U 
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D 


5 


40 










1 r\Z 1 V 1 
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0 






R 


600 
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D 
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** u 










1 Hi 9 1 O 9 
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0 
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R — Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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Numerical Index 



1N2228— 1N2259A 
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R— Rectifier, RD— Reference Diode, ZD-Zener Diode, GP- General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 ^s), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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Numerical Index 



1N2260— 1N2312 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-Rectifier, RD- Reference Diode, ZD -Zener Diode, GP— General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 /is), 
CS- High Conductance, Highspeed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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o 

s 
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Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 
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Vz (nom) 
V z (max) 


Tol 
V z % 


Pd 


Ixl 
K— 
«* 


MENT 


NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










o 


PRV 
(volts) 


V F <j 
(volts) 




Ir 


trr 
(H*S) 


TC 
%/ Q C 




T(min) 


T(max) 

•c 


1N2382 

1N2382A 

1N2383 

1N2383A 

1N2384 

1N2384A 

1N2385 

1N2385A 


S 

s 
s 
s 

5 

S 
S 

s 




3-6 
3-6 
3-6 


R 
R 
R 
R 
R 
R 
R 
R 


4000 
4000 
6000 
6000 
8000 
8000 
10K 
1 OK 


18 
6 
27 
9 
27 
12 
39 
1 5 


. 15 
.35 

.1 
.35 
.07 
.275 
.07 

• 2 


.2 
.2 
.2 
.2 
.2 
.2 
.2 
• 2 


6 
6 
6 
6 
6 
6 
6 
6 










1N2386 
1N2387 
1N2389 
1N2390 
1 N239 1 
1N2392 
1N2393 
1N2394 


G 
S 
S 
S 

s 
s 
s 
s 


1N3031B 


2-19 


PA 

RD 

R 

R 

R 

R 

R 

R 


w§m 

1600 
50 
100 

200 
300 
400 


4.8 
1.2 
1.2 
1.2 
1.2 
1.2 


.6 

1*5 
1.5 
1.5 

1,5 

», 

3 . J 


*5 
■'•5 
.3 

o3 

^3 


15 

3S 
35 

3S 
35 


.001 


30 


25 


125 


1N2395 
1N2396 
1N2397 
1N2398 

1N2400 
1N2401 
1N2402 


s 
s 
s 
s 

c 
o 

s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


500 
600 
700 
800 
50 
100 
200 

jnn 
ouu 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

1 . c. 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


13 
.3 
.3 
.3 
.3 
.3 
. 3 


35 
35 
35 
35 
35 
35 
35 
35 










1N2403 
1N2404 
1N2405 
1N2406 
i wo it rs7 

1N2408 
1N2409 
1N2410 


s 
s 
s 
s 

c 
o 

s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


400 
500 
600 
700 
800 
50 
100 
200 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


35 
35 
35 
35 
35 
35 
35 
35 










1N2411 
1N2412 
1N2413 
1N2414 
1N2415 
1N2416 
1N2417 
1N2418 


s 
s 
s 
s 

s 
s 
s 






R 
R 
R 
R 

R 
R 
R 


300 
400 
500 
600 
700 
800 
50 
100 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

1 c 
1 . D 


.3 
.3 
.3 
.3 
.3 
.3 
.3 

. 3 


35 
35 
35 
35 
35 
35 
35 

is* 
jj 










1N2419 
1N2420 
1N2421 
1N2422 

1 M 0 h O 3 

1N2424 
1N2425 
1N2482 


s 
s 
s 
s 

c 
o 

s 
s 
s 


1N4003 


3-23 


R 
R 
R 
R 
R 
R 
R 
R 


200 
300 
400 
500 
600 
700 
800 
200 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
.75 


.3 
.3 
.3 
.3 
.3 
.3 
.3 
.5 


35 
35 
35 
35 
35 
35 
35 
30 










1N2483 
1N2484 
1N2485 
1N2486 
1 N2487 
1N2488 
1N2489 
1N249Q 


s 
s 
s 
s 

s 
s 
s 


1N4004 
1N4005 
1N4003 
1N4004 

1N4005 
1N4005 


3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 


R 
R 
R 
R 

R 
R 
R 


400 
500 
200 
300 
400 
500 
600 
1600 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
4.8 


.75 
.75 
.75 
.75 
.75 
.75 
.75 
.5 


.5 
.'5 
.5 
.5 
.5 
.5 
.5 
.5 


30 
30 
30 
30 
30 
30 
30 
15 










1N2491 
1N2492 
1N2493 
1N2494 
1N2495 
1N2496 
1N2497 
1N2498 


s 
s 
s 
s 
s 
s 
s 
s 




2-14 


R 
R 
R 
R 
R 
R 
R 

ZD 


50 
100 
200 
300 
400 
500 
600 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


6 
6 
6 
6 
6 
6 
6 


2 
2 
2 
2 
2 
2 
2 


156 
150 
150 
150 
150 
150 
150 




10 


10 


10* 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA— Parametric Amplifier, SP-Special Purpose. 
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NTIFI 


SIGNAL DIODES 


REFERENCE DIODES 










— 
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(volts) 
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2-14 


ZD 














10 


5 




10W 


1 M 1 li O O 

1 rt£ 4 W 


s 




2-14 


ZD 














1 1 


10 


10W 


1 IMzMv VA 


s 




2-14 


ZD 














1 1 


5 


low 


1 N2bUU 


s 




2-14 


ZD 














12 


10 


10W 


1N2500A 


s 




2-14 


ZD 














12 


5 


10W 


1N250 1 


s 






R 


800 


1.7 


.15 


• 2 


2.5 










1N2502 


s 






R 


1000 


1.7 


.15 


• 2 


2.5 










1N25Q3 


s 






R 


1200 


1,7 


*15 


.2 


2*5 










1N2504 


s 






R 


1500 


1.7 


.15 


• 2 


2.5 










1N2505 


s 






R 


800 


1.7 


.3 


.2 


2.5 










1N2506 


s 






R 


1000 


1.7 


.3 


.2 


2.5 










1N2507 


s 






R 


1200 


1.7 


.3 


.2 


2.5 










1N2508 


s 






R 


1500 


1.7 


.3 


• 2 


2.5 










1N2512 


s 






R 


100 


1.1 




.002 


30 










1N2513 


s 






R 


200 


1.1 




.002 


30 










1N2514 


$ 






R 


300 


1.1 




,002 


30 










1N25 15 


s 






R 


400 


1. 1 




.002 


30 










1N2516 


s 






R 


500 


1.1 




.002 


30 










1N2517 


s 






R 


600 


1.1 




.002 


30 










1N25 18 


s 






R 


100 


1.1 




.002 


30 










1N2519 


s 






R 


200 


1.1 




• 002 


30 










1N2520 


s 






R 


300 


1.1 




.002 


30 










1N2521 


s 






R 


400 


1.1 




.002 


30 










1N2522 


s 






R 


500 


1.1 




.002 


30 










1N2523 


s 






R 


600 


1.1 




.002 


30 










1N2524 


s 






R 


50 


1.2 


2.5 


.5 


50 










1N2525 


s 






R 


100 


1 . 2 


2.5 


.5 


50 










1N2526 


s 






R 


200 


1.2 


2.5 


.5 


50 










1N2527 


s 






R 


300 


1.2 


2.5 


.5 


50 










1N2528 


s 






R 


400 


1.2 


2.5 


.5 


50 










1N2529 


s 






R 


500 


1.2 


2.5 


.5 


50 










1N2530 


s 






R 


600 


1.2 


2.5 


.5 


50 










1N253 1 


s 






R 


700 


1.2 


2.5 


.5 


50 










1N2532 


s 






R 


800 


1.2 


2.5 


.5 


50 










1N2533 


s 






R 


900 


1.2 


2.5 


.5 


50 










1N2534 


s 






R 


1000 


1.2 


2.5 


.5 


50 










1N2535 


s 






R 


50 


1.0 


2.5 


• 1 


50 










1N2536 


s 






R 


100 


1.0 


2.5 


• 1 


50 










1N2537 


s 






R 


200 


1.0 


2.5 


• 1 


50 










1N2538 


s 






R 


300 


1.0 


2.5 


• 1 


50 










1N2539 


s 






R 


400 


1.0 


2.5 


• 1 


50 










1N2540 


s 






R 


500 


1.0 


2.5 


• 1 


50 










1N2541 


s 






R 


600 


1.0 


2.5 


• 1 


50 










1N2542 


s 






R 


700 


1.0 


2.5 


. 1 


50 










1N2543 


s 






R 


800 


1.0 


2.5 


• 1 


50 










1N2544 


s 






R 


900 


1.0 


2.5 


• 1 


50 










1N2545 


s 






R 


1000 


1.0 


2.5 


• 1 


50 










1N2546 


s 






R 


50 


1.5 


2.5 


1.0 


50 










1N2547 


s 






R 


100 


1.5 


2.5 


1.0 


50 










1N2548 


s 






R 


200 


1.5 


2.5 


1.0 


50 










1N2549 


s 






R 


300 


1.5 


2.5 


1.0 


50 










1N2550 


s 






R 


400 


1.5 


2.5 


1.0 


50 










1N2551 


s 






R 


500 


1.5 


2.5 


1.0 


50 










1N2552 


s 






R 


600 


1.5 


2.5 


1.0 


50 










1N2553 


s 






R 


700 


1.5 


2.5 


1.0 


50 










1N2554 


s 






R 


800 


1.5 


2.5 


1.0 


50 










1N2555 


s 






R 


900 


1.5 


2.5 


1.0 


50 










1N2556 


s 






R 


1000 


1.5 


2.5 


1.0 


50 










1N2557 


s 






R 


700 


1.2 


6 


.5 


150 










1N2558 


s 






R 


800 


1.2 


6 


.5 


150 










1N2559 


s 






R 


900 


1.2 


6 


.5 


150 










1N2560 


s 






R 


1000 


1.2 


6 


.5 


150 










1N2561 


s 






R 


700 


1.0 


6 


.1 


150 










1N2562 


s 






R 


800 


1.0 


6 


.1 


150 











-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ns), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP— Special Purpose. 
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Numerical Index 



1N2563 — 1N2622 
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REFERENCE DIODES 










UJ 

o 


PRV 
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V F <* 
(volts) 
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Ir 


trr 
(/AS) 


:;' ;; '':- : :;:tc:: : ; : ': 
%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N2563 
1N2564 
1N2565 
1N2566 
1 N256 7 
1N2568 
1N2569 
1N2570 


s 
s 
s 
s 

s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


900 
1000 
50 
100 
200 
300 
400 
500 


1.0 
1.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


6 
6 
6 
6 
6 
6 
6 
6 


.1 
.1 

1.0 
1.0 
1.0 
1.0 
1.0 
1 . 0 


150 
150 
150 
150 
150 
150 
150 
1 50 










1N2571 
1N2572 
1N2573 
1N2574 
1N2575 
1N2576 
1N2577 
1N2578 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


600 
700 
800 
900 
1000 
50 
100 
200 


1.5 
1.5 
1.5 
1.5 
1.5 
1.2 
1.2 
1.2 


6 
6 
6 
6 
6 
12 
12 

1 £. 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1 . u 


150 
150 
150 
150 
150 
250 
250 










1N2579 
1N2580 
1N2581 
1N2582 

1N2584 
1N2585 
1N2586 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


300 
400 
500 
600 
700 
800 
900 
1 uuu 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


12 
12 
12 
12 
12 
12 
12 
1 2 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1 * u 


250 
250 
250 
250 
250 
250 
250 
250 










1N2587 
1N2588 
1N2589 
1N2590 

1 riZD V 1 

1N2592 
1M2593 
1N2594 


s 
s 
s 
s 

c 
5 

s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


50 
100 
200 
300 
400 
500 
600 
700 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1 ft 


12 
12 
12 
12 
12 
12 
12 


.2 
.2 
.2 
.2 
.2 
.2 

.2 

o 


250 
250 
250 
250 
250 
250 
250 










1N2595 
1N2596 
1N2597 
1N2598 

1 nlZ J V V 

1N2600 
1N2601 
1N2602 


s 
s 
s 
s 

c 
o 

s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


800 
900 
1000 
50 
100 
200 
300 
400 


1.0 
1.0 
1.0 
1.5 
1.5 
1.5 
1.5 
1.5 


12 
12 
12 
12 
12 
12 
12 

1 9 


.2 
.2 
.2 
2.0 
2.0 
2.0 
2.0 
2.0 


250 
250 
250 
250 
250 
250 
250 










1N2603 
1N2604 
1N2605 
1N2606 

1 NO Afl7 

1N2608 
1N2609 
1N2610 


s 
s 
s 
s 

c 
o 

s 
s 
s 


1N4001 
1N4002 


3-23 
3-23 


R 
R 
R 
R 
R 
R 
R 
R 


500 
600 
700 
800 
900 
1000 
50 
100 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.1 
1.1 


12 
12 
12 
12 
12 
12 
.75 
.75 


2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
.3 
• 3 


250 
250 
250 
250 
250 
250 
30 
30 










1N261 1 
1N2612 
1N2613 
1N2614 
1N261 5 
1N2616 
1N26]7 
1N2618 


s 
s 
s 
s 

s 
s 
s 


1N4003 
1N4004 
1N4004 
1N4005 

1M/.AAC 

1N4005 
1N4006 
1N4007 


3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 


R 
R 
R 
R 

R 
R 
R 


200 
300 
400 
500 
600 
800 
1000 
1200 


1.1 
1.1 
1.1 
1.1 
1. 1 
1.1 
1.1 
1.1 


.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 


.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


30 
30 
30 
30 
30 
30 
30 
30 










1N2619 

1N2620 

1N2620A 

1N2620B 

1N2621 

1N2621A 

1N2621B 

1N2622 


s 
s 
s 
s 
s 
s 
s 
s 




2-32 
2-32 
2-32 
2-32 
2-32 
2-32 
2-32 


R 

RD 
RO 
RD 
RD 
RD 
RD 
RD 


1500 


1.1 


.75 


.3 


30 


.01 

.01 
.01 

.005 
.005 
.005 
.002 


9.7 
9.7 
9.7 

9.7 
9.7 
9.7 
9.7 


0 

-55 
-55 
0 

-55 
-55 
0 


75 
100 
150 

75 
100 
150 

75 



R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance 20mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 jis), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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1N2622— 1N2725 
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V F <£ 
(volts) 
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Ir 
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TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N2622A 

1N2622B 

1N2623 

1N2623A 

1N2623B 

1N2624 

1N2624A 

1N2624B 


S 

s 
s 
s 
s 
s 
s 
s 




2-32 
2-32 
2-32 
2-32 
2-32 
2-32 
2-32 
2-3? 


RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 












.002 
.002 
.001 
.001 
.001 
.0005 
.0005 
.0005 


9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 


-55 
-55 
0 

-55 
-55 
0 

-55 
-55 


100 
150 

75 
100 
150 

75 
100 
150 


1N2625 

1N2625A 

1N2625B 

1N2626 

1N2626A 

1N26268 

1N2627 

1N2628 


s 
s 
s 
s 
s 
s 

Vi 


ractor Di 


odes, see 


RD 
RD 
RD 
RD 
RD 
RD 

tabl 












.0002 
.0002 
.0002 
.0001 
.0001 
.0001 


9.4 
9.4 
9.4 
9.4 
9.4 
9.4 


0 

-55 
-55 
0 

-55 
-55 


75 
100 
150 

75 
100 
150 


1N2629 
1N2630 
1N263I 
1N2632 
1N2633 
1N2634 
1N2635 
1N2636 


G 

s 
s 
s 
s 
s 
s 
s 






PA 

R 

R 

R 

R 

R 

R 

R 


5 

1500 
1600 
2800 
1600 
1600 
1500 
1500 


2.25 
3.0 
6.0 
3.0 
3.0 
2.25 
2.25 


.085 
.6 
.2 
.6 
.6 
.085 
.085 


.5 
.5 
.5 
.5 
.5 
.5 
.5 


5 
5 
5 
5 
5 
5 
5 










1N2637 
1N2638 
1N2641 
1N2644 
1N2647 
1N2650 
1N2653 
1N2656 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


100 
200 
300 
400 
600 
800 
1200 


28.0 
1.3 
1.3 
1.3 
1.3 
2.6 
2.6 
3.9 


.25 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


.5 
.3 
.3 
.3 
.3 
.3 
.3 
.8 


5 
15 
15 
15 
15 
15 
15 
15 










1N2659 
1N2662 
1N2664 
1N2666 
1N2667 
1N2668 
1N2669 
1N2673 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


1600 
2000 
2400 
3200 
4000 
4800 
100 
200 


5.2 
6.5 
7.8 

10.4 
13 

15.6 
1.3 
1.3 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
3.6 
3.6 


.8 
.8 
.8 
.8 
.8 
.8 
.3 
.3 


15 
15 
15 
15 
15 
15 
15 
15 










1N2677 
1N2681 
1N2685 
1N2687 
1N2689 
1N2690 
1N2691 
1N2692 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


300 
400 
600 
800 
900 
1200 
1600 
100 


1.3 
1.3 
2.6 
2.6 
3.9 
3.9 
5.2 
1.3 


3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
7.2 


.3 
.3 
.3 
.3 
.8 
.8 
.8 
.3 


15 
15 
15 
15 
15 
15 
15 
15 










1N2694 
1N2696 
1N2698 
1N2700 
1N2701 
1N2702 
1N2705 
1N2708 


s 
s 
s 
s 
s 
s 
s 
s 






R 
R 
R 
R 
R 
R 
R 
R 


200 
300 
400 
600 
800 
100 
200 
300 


1.3 
1.3 
1.3 
2.6 
2.6 
1.3 
1.3 
1.3 


7.2 
7.2 
7.2 
7.2 
7.2 
3 
3 
3 


.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 


15 
15 
15 
15 
15 
15 
15 
1 5 










1N27U 
1N2714 
1N2717 
1M2720 
1N2722 
1N2723 
1N2724 
1N2725 


$ 
s 
s 
s 

5 

s 
s 
s 


1N4720 


3-24 


R 
R 
R 
R 

R 
R 
R 


400 
600 
800 
1200 
1600 
2000 
2400 
100 


1.3 
2.6 
2.6 
3.9 
5.2 
6.5 
7.8 
1.3 


3 
3 
3 
3 
3 
3 
3 
3 


.2 
.2 
.2 
.8 
.8 
.8 
• 8 
.3 


15 
15 
15 
15 
15 
15 
15 
15 











R— Rectifier. RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC — High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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- Numerical Index - 



1N2728 — 1N2806A 
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o 

g 


Vr 
(volts) 
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lo 
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Ir 
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(Amps) 
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Vz (nom) 
V z (max) 


Tol 
V z % 


Pd 


UJ 

z 
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NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










LU 

5 


PRV 
(volts) 


(volts) 




MM. 


(jU,S) 


%/°c 




T(min) 
°C 


T(max) 
°C 


1N2728 


S 


1N4721 


3-24 


R 


200 


1*3 


~ 

3 


• 3 


1 5 










1N273 1 
1N2734 


s 
s 


1N4722 


"X 9 A 
J-Z^f 

3-24 


R 
R 


300 
400 


1 • 3 
1.3 


3 
3 


.3 
• 3 


1 5 
1 5 












s 


1N4723 


3-24 


R 


600 


2*6 


3 


.3 


1 5 










1N2738 


s 




OA 
j— Zh- 


R 


800 


2*6 


3 


. 3 


1 5 










1N2739 


s 






R 


1 200 


3.9 


3 


• 8 


1 5 










1N2740 


s 






R 


100 


1.3 


3.6 


.3 


1 5 










1N2742 


s 






R 


200 


1.3 


3.6 


.3 


15 










1N2744 


s 






R 


300 


1.3 


3.6 


.3 


15 










1N2746 


s 






R 


400 


1.3 


3.6 


• 3 


1 5 










1N2748 


s 






R 


600 


2.6 


3.6 


• 3 


1 5 










1N2749 


s 






R 


800 


2.6 


3.6 


-3 


15 










1N2750 


s 






R 


100 


1.3 


3 


.3 


15 










1N2753 


s 






R 


200 


1.3 


3 


.3 


' 15 










1N2756 


s 






R 


300 


1.3 


3 


• 3 


1 5 










1N2759 


s 






R 


400 


1.3 


3 


• 3 


1 5 










1N2762 


s 






R 


600 


2.6 


3 


• 3 


1 5 










1N2763 


s 






R 


800 


2.6 


3 


.3 


15 










1N2764 


s 






R 


1200 


3.9 


3 


• 8 


15 










1 N2765 


s 






ZD 














6.8 


5 




1N2765A 


s 






ZD 














6.8 


5 




1N2766 


s 






ZD 














13.6 


5 




1N2767 


s 




2-32 


ZD 














20.4 


5 




1N2768 


s 




2-32 


ZD 














27.2 


5 




1N2769 


s 




2-32 


ZD 














34 


5 




1N2770 


s 




2-32 


ZD 














40.8 


5 




1N2772 


s 






R 


700 


1.8 


.5 




15 










1N2773 


s 






R 


800 


1.8 


• 5 




15 










1N2774 


s 






R 


900 


1.8 


• 5 




15 










1N2775 


s 






R 


1000 


1.8 


• 5 




15 










1N2776 


s 






R 


1 100 


1.8 


• 5 




15 










1N2777 


s 






R 


1200 


1.8 


• 5 




1 5 










1N2778 
1N2779 


s 
s 






R 
R 


1300 
1400 


1.8 
1.8 


.5 
• 5 




15 
1 5 










1 Ki *1 "7 Q A 

1N2 fou 


s 






R 


1 500 


1.8 


• 5 




15 










1N278 1 


s 






R 


1600 


1.8 


• 5 




1 5 










1N2782 


s 






SP 


5 






:t. ; :V:;2«; 












1N2783 


s 






RD 












.0016 


62 


25 


125 


1N2784 


s 






R 


200 


1.5 


8 


5.0 


200 










1N2785 


s 






R 


400 


1.5 


8 


5.0 


200 










1N2786 


s 






R 


200 


1.2 


10 


10. 0 


180 










1N2787 


s 






R 


400 


1.2 


10 


10.0 


180 










11M2788 


s 






R 


200 


1.3 


12.5 


5.0 


340 










1N2789 


s 






R 


400 


1.3 


12.5 


5.0 


340 










1N2790 


s 






ZD 














8.5 


5 


1W 


TN2791 


s 






HC 






50M 


: ^:05*; 


4 










1N2793 


s 


1N1183 


3-10 


R 


50 


1 .25 


5 


5 


75 










1N2794 


s 


1N1184 


3-10 


R 


1 u u 


1 oc 
I .<ct> 


5 


5 


1 D 










1N2795 
1N2796 


s 
s 


1N1185 
1N1186 


3-10 
3-10 


R 
R 


150 
200 


1.25 
1.25 


5 
5 


5 
5 


75 
75 










1N2797 


s 


1N1187 


3-10 


R 


250 


1.25 


5 


5 


75 










i M o 7 n o 

1 N2 f 9 8 


s 


1N1188 


3-10 


R 


300 


1.25 


5 


5 


75 










IN2 f v V 


s 


UN llOO 


3-10 


R 


350 


1.25 


5 


5 


75 










1N2800 


s 


1N1188 




R 


400 


1.25 





5 


75 










1N2801 


G 






HS 




.36 




2* 


500 










1N2803 


s 






R 


400 


1.2 


250 


36 


3500 










1N2804 
1N2804A 


s 
s 




2-15 


ZD 
ZD 














6.8 
6.8 


20 
10 


SOW 
SOW 


1N28048 


s 




2-15 
















6.8 


5 


SON 


1N28G5 


s 




2-15 


ZD 














7.5 


20 


50W 


1N2805A 


s 




2-15 


ZD 














7.5 


10 


50W 


1N28058 
1N2806 


s 
s 




2-15 
2-15 


ZD 
ZD 














7.5 
8.2 


5 
20 


50W 
50W 


1N2806A 


s 




2-15 


ZD 














8.2 


10 


50W 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS — High Speed Switch (Max t rr < 0.3/iS), 
CS— High Conductance, High Speed Switch, MS -Medium Speed Switch, PA— Parametric Amplifier, SP-Specia Purpose. 
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Numerical Index 



1N2806B — 1N2827B 
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Z 
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a 
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!> I F 
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TC 


















(volts) 


(volts) 
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%/°c 


Vz 






1N2806B 


S 




2-15 


ZD 














Q O 


D 


DUW 


\ IM2 80 f 


s 




9 1 t ^ 


ZD 














9.1 


O A 

c\J 


50W 


1N2807A 


s 




2-15 


ZD 














9.1 


1 0 


50 W 


1 *s O OA7D 

1N280 f B 


s 




9 1 R 


ZD 














9« 1 


5 


50W 


ll\i280o 


s 




2-15 


ZD 














1 0 


20 


50VI 


1N2808A 


s 




2-15 


ZD 














1 0 


1 0 


DUW 


1N2808B 


s 




2-15 


ZD 














1 0 


5 


50W 


1N2809 


s 




2-15 


ZD 














1 1 


20 


50W 


1N2809A 


s 




2-15 


ZD 














1 1 


1 0 


50W 


1N28C9B 


s 




2-15 


ZD 














1 1 


5 


50W 


1N2810 


s 




2-15 


ZD 














1 2 


20 


50W 


1N2810A 


s 




2-15 


ZD 














1 2 


10 


50W 


1N2810B 


s 




2-15 


ZD 














1 2 


5 


50W 


1N281 1 


s 




2-15 


ZD 














1 3 


20 


50W 


1N28UA 


s 




2-15 


ZD 














13 


10 


50W 


1N281 IB 


s 




2-15 


ZD 














1 3 


5 


50W 


1N2812 


s 




2-15 


ZD 














14 


20 


•50W 


1N2812A 


s 




2-15 


ZD 














14 


1 0 


50W 


1N2812B 


s 




2-15 


ZD 














1 4 


5 


50W 


1N2813 


s 




2-15 


ZD 














1 5 


20 


50W 


1N2813A 


s 




2-15 


ZD 














1 5 


1 0 


50W 


1N2813B 


s 




2-15 


ZD 














1 5 


5 


50W 


1N2814 


s 




2-15 


ZD 














16 


20 


50W 


1N2814A 


s 




2-15 


ZD 














1 A 
1 O 


1 u 


50W 


1N2814B 


s 




2-15 


ZD 














1 6 


r~~ 

d 


CAM 

DUW 


1N2815 


s 




2-15 


ZD 














1 7 


20 


50W 


1N2815A 


s 




2-15 


ZD 














1 7 


1 0 


50W 


1N2815B 


s 




2-15 


ZD 














1 7 


5 


50W 


1N281 6 


s 




2-15 


ZD 














1 8 


20 


50W 


1N2816A 


s 




2-15 


ZD 














1 8 


10 


50W 


1N2816B 


s 




2-15 


ZD 














1 8 


5 


50W 


1N2817 


s 




2-15 


ZD 














1 o 


o n 


50W 


1N2817A 


s 




2-15 


ZD 














1 9 


— 1 rS 

1 0 


— r a i.i 
DUW 


1N2S17B 


s 




2-15 


ZD 














1 9 


5 


50W 


1N2818 


s 




2-15 


ZD 














20 


20 


50W 


1N2818A 


s 




2-15 


ZD 














20 


10 


50W 


1N28 1 oo 


s 




2-15 


ZD 














on 


D 


DUW 


1N281 9 


s 




2-15 


ZD 














22 


20 


SOW 


1N2819A 


s 




2-15 


ZD 














22 


10 


50W 


1N2819B 


s 




2-15 


ZD 














oo 




SOW 


1N2820 


s 




2-15 


ZD 














24 


20 


SOW 


1N2820A 


s 




2-15 


ZD 














24 


1 0 


SOW 


1N2820B 


s 




2-15 


ZD 














24 


D 


DUW 


1N2821 


s 




2-15 


ZD 
















on 


DUW 


IN282 I A 


s 




2-15 


ZD 














25 


i n 
I U 


DUW 


1N2821B 


s 




2-15 


ZD 














25 


5 


50W 


1N2822 


s 




2-15 


ZD 














27 


20 


50W 


1N2.822A 


s 




2-15 


ZD 














27 


1 0 


50W 


1N2822B 
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2-15 


ZD 
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D 


DUW 


1N2823 
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2-15 


ZD 














30 


20 


50W 
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30 


10 


50W 


1N2823B 
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2-15 


ZD 














30 


5 


50W 


1N2824 
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2-15 
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33 


20 


50W 


1N2824A 


s 




2-15 


ZD 














33 


10 


50W 


1N2824B 
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2-15 


ZD 














33 


5 


50W 


1N2825 
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2-15 


ZD 














36 


20 


50W 
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ZD 














36 


IU 
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1N2825B 


s 
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36 


5 


50W 
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ZD 
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50W 
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39 


5 


50W 


1N2827 
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2-15 
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43 


20 


50W 


1N2827A 


s 




2-15 


ZD 














43 


10 


50W 


1N2827B 


s 




2-15 


ZD 














43 


5 


50W 



R— Rectifier, RD — Reference Diode, ZD-Zener Diode, GP- General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP— Special Purpose. 



1-49 



Numerical Index 



1N2828 — 1N2855 
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1N2828 

1N2828A 

1N2828B 

1N2829 

1N2829A 

1N2829B 

1N2830 

1N2830A 


S 
S 
S 
S 
S 

s 
s 
s 




2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














45 
45 
45 
47 
47 
47 
50 
50 


20 
10 

5 
20 
10 

5 
20 
10 


50W 
50W 

sow 

50W 
50W 
50W 
50W 
50W 


1N2830B 

1N2831 

1N2831A 

1N2831B 

1N2832 

1N2832A 

1N2832B 

1N2833 
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s 
s 
s 
s 
s 
s 
s 




2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














50 
51 
51 
51 
56 
56 
56 
62 


5 
20 
10 

5 
20 
10 

5 
20 


50W 
50W 
50W 
50W 
50W 
50W 
50W 
50W 
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1N2833B 

1N2834 
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1N2834B 
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2-15 
2-15 
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ZD 
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ZD 
ZD 
ZD 
ZD 
ZD 
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62 
68 
68 
68 
75 
75 
75 


10 
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20 
10 

5 
20 
10 

5 


50W 
50W 
50W 
50W 
50W 
50W 
50W 
50W 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 ^s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-51 



- Numerical Index - 



1N2922- 


-1N2989 
































z 


RECTIFIERS 


ZENER DIODES 


TYPE 


«c 

UJ 


REPLACE- 


PAGE 


a 
u 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz(min) 


V z (nom) 
V z (max) 


Tol 

v z % 


Pd 


h- 
«« 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 










UJ 

a 


PRV 

(volts) 


V F d 
(volts) 


ll'i! 


Ir 


trr 
(/AS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N2922 
1N2923 
1N2924 
1N2925 
1N2937 
1N2938 
1N2970 
1N2970A 


S 
S 

s 
s 
s 
s 
s 
s 




2-18 
2-18 


HC 
HC 
HC 
HC 
ZD 
ZD 
ZD 

zq 


6K 
6K 

500 
500 


mmiB 


250M 
250M 
250M 
250M 


.5* 

• 5* 

wm* 

• 5* 




42.5 
.75 


57.5 
1.05 
6.8 
6.8 


20 
10 


10W 
2W 
10W 
10W 


1N2970B 

1N2971 

1N2971A 

1N2971B 

1N2972 

1M0070A 
1 INZ V ( d. A 

1N2972B 
1N2973 


s 
s 
s 
s 
s 
s 
s 

5 




2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














6.8 
7.5 
7.5 
7.5 
8.2 
8.2 
8.2 
9. 1 


5 
20 
10 

5 
20 
10 

5 
?n 


10W 
10W 

low 

10W 
10W 
10W 
10W 
10W 


1N2973A 

1N2973B 

1N2974 

1N2974A 

1N2974B 

1N2975 

1N2975A 

1N2975B 


s 
s 
s 
s 
s 
s 
s 
s 




2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 

ZD 
ZD 














9.1 

9.1 
10 
10 
10 
11 
11 
1 1 


10 

5 
20 
10 

5 
20 
10 

5 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N2976 

1N2976A 

1N2976B 

1N2977 

1N2977A 

1N2977B 

1N2978 

1N2978A 


s 
s 
s 
s 
s 
s 
s 
s 




2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














12 
12 
12 
13 
13 
13 
14 
14 


20 
10 

5 
20 
10 

5 
20 
10 


10W 
10W 
10W 
10W 
10W 
10W 
10W 

1QW 


1N2978B 

1N2979 

1N2979A 

1N2979B 

1N2980 

1N2980A 

1N2980B 

1N2981 


s 
s 
s 
s 
s 
s 
s 
s 




2-18 

2-18 

2-18 ' 

2-18 

2-18 

2-18 

2-18 

2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














14 
15 
15 
15 
16 
16 
16 
17 


5 
20 
10 

5 
20 
10 

5 
20 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N2981A 

1N2981B 

1N2982 

1N2982A 

1N29828 

1N2983 

1N2983A 

1N2983B 


s 
s 
s 
s 
s 
s 
s 
s 




2-18 
2-18 
2-18 
2-18 
2-18 

2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 

7 P 
Lis 

ZD 
ZD 














17 
17 
18 
18 
18 
19 
19 
19 


10 

5 
20 
10 

5 
20 
10 

5 


10W 
10W 
10W 
10W 
10W 
10W 
10W 

1 ow 


1N2984 

1N2984A 

1N2984B 

1N2985 

1N2985A 

1N2985B 

1N2986 

1N2986A 


s 
s 
s 
s 
s 
s 
s 
s 




2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














20 
20 
20 
22 
22 
22 
24 
24 


20 
10 

5 
20 
10 

5 
20 
10 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N2986B 

1N2987 

1N2987A 

1N2987B 

1N2988 

1N2988A 

1N2988B 

1N2989 


$ 
s 
s 
s 
s 
s 
s 
s 




2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














24 
25 
25 
25 
27 
27 
27 
30 


5 
20 
10 

5 
20 
10 

5 
20 


10W 
10W 
10W 
10W 

low 

10W 

10W 
10W 



R— Rectifier, RD-Reference Diode, ZD- Zener Diode, GP-General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS- High Speed Switch (Max t r 
CS-High Conductance, Highspeed Switch, MS— Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP— General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance 20mA @ ^ 1 V), HS— High Speed Switch (Max f rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance 20 mA @ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP— Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP— General Purpose, HC -High Conductance 20mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 ^s), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 



1-56 



Numerical Index 



1N3145 — 1N3209 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


_j 

EE 


REPLACE- 


PAGE 


ICATIO 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (min) 


Vz (nom) 
Vz(max) 


Tol 

v z % 


Pd 


LU 

1— 
«c 

z 


MENT 


NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










a 


PRV 
(volts) 


v F a 

(volts) 


5 If 


•r 


trr 
(/xS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N3145 


G 






GP 


65 


.45 


10M 


25* 












1N3146 


G 






CS 


20 


1 


50M 


100* 


2 










1N3147 


S 






HC 


45 


1 


100M 




1 










1N3148 


S 






ZD 












8. 10 


8.90 




400M 


1N3151 


S 






R 


7200 


27 


.1 


250 


12 










1N3154 


S 




2-32 


RO 












.01 


8.8 


-55 


100 


IN3154A 


s 




2-32 


RD 












.01 


8.8 


-55 


1 50 


1N3155 


s 




2-32 


RD 












.005 


8.8 


-55 


100 


1N3155A 


s 




2-32 


RD 












.005 


8.8 


-55 


150 


1N3156 


s 




2-32 


RD 












.002 


8.8 


-55 


100 


1N3156A 


s 




2-32 


RD 












.002 


8.8 


-55 


150 


1N3 157 


s 




2-32 


RD 












.001 


8.8 


-55 


100 


1N3157A 


s 




2-32 


RD 












.001 


8.8 


-55 


150 


1N3159 


G 






MS 


1 5 


♦ 45 


10M 




.3 










1N3160 


G 






GP 


60 


1 


5M 


12* 












1N3161 


s 


MR1230SB 


3-41 


R 


50 


1.30 


240 


16 


3000 










1N3162 


s 


MR1231SB 


3-41 


R 


100 


1 .30 


240 


16 


3000 










1N3163 


s 


MR1232SB 


3-41 


R 


150 


1 .30 


240 


16 


3000 










1N3164 


s 


MR1233SB 


3-41 


R 


200 


1.30 


240 


16 


3000 










1N3165 


s 


MR1234SB 


3-41 


R 


250 


1.30 


240 


16 


3000 










1N3 166 


s 


MR1235SB 


3-41 


R 


300 


1 .30 


240 


16 


3000 










1N3167 


s 


MR1236SB 


3-41 


R 


350 


1 .30 


240 


16 


3000 










1N3168 


s 


MR1237SB 


3-41 


R 


400 


1 .30 


240 


16 


3000 










1N3169 


s 






R 


500 


1 .30 


240 


16 


3000 










1N3170 


s 






R 


600 


1 .30 


240 


16 


3000 










1N3171 


s 






R 


700 


1 .92 


240 


16 


3000 










1N3 171 A 


s 






R 


700 


1.9 


240 


16 


3000 










1N3172 


s 






R 


800 


1.92 


240 


16 


3000 










1N3 172A 


s 






R 


800 


1.9 


240 


16 


3000 










1N3173 


s 






R 


900 


1 .92 


2b0 


16 


3000 










1N3173A 


s 






R 


900 


1.9 


240 


16 


3000 










1N3174 


s 






R 


1000 


1.92 


240 


16 


3000 










1N3174A 


s 






R 


1000 


1.9 


240 


16 


3000 










1N3175 


s 






R 


1200 


1.4 


240 


15 


3000 










1N3176 


s 






R 


1400 


1.4 


240 


15 


3000 










1N3177 


s 






R 


1600 


1-4 


240 


15 


3000 










1N3179 


s 






HC 


200 


1 


100M 


io« 












1N3180 


s 






HC 


110 


1.5 


500M 














1N3181 


s 






ZD 














8.2 


10 


600M 


1N3183 


s 






R 


350 




.5 




4 










1N3184 


s 






R 


500 


1 


.5 




4 










1N3185 


s 






R 


700 


2 


.5 




4 










1N3186 


s 






R 


1000 


2 


.5 




4 










1N3187 


s 






R 


1500 


3 


,5 




4 










1N3188 


s 






R 


2000 


4 


.5 




4 










1N3 189 


s 


1N4003 


3-23 


R 


200 


1.1 


1 


.2 


30 










1N3190 


s 


1N4004 


3-23 


R 


400 


1.1 


1 


.2 


30 










1N3191 


s 


1N4005 


3-23 


R 


600 


1.1 


1 


.2 


30 










1N3 192 


s 






SP 


200 


1 


10 CM 














1N3193 


s 


1N4003 


3-23 


R 


200 


1.2 


• 75 


.2 


40 










1N3194 


s 


1N4004 


3-23 


R 


400 


1.2 


.75 


,2 


40 










1N3195 


s 


1N4005 


3-23 


R 


600 


1.2 


.75 


.2 


40 










1N3196 


s 


1N4006 


3-23 


R 


800 


1.2 


.75 


.2 


40 










1N3197 


G 






MS 


30 


;2 1 


150M 


50* 












1N3198 


s 






RD 














2.25 






1N3199 


s 






RD 












.005 


8.8 


50 


100 


1N3200 
1N3201 


s 
s 






RD 
RD 












.003 
.002 


8.8 
8.8 


50 
50 


100 
100 


1N3202 


s 






RD 












.001 


8.8 


50 


100 


1N3203 


G 






MS 


MMi 


88§ 


35M 




.3 










1N3206 


s 






HS 




1 


iiiit 




4 










1N3207 


s 






CS 


liiiti 


1 


Silt 


iiiil 


6 










1N3208 


s 




3-13 


R 


50 


1.5 


15 


10 


250 










1N3209 


s 




3-13 


R 


100 


1.5 


15 


10 


250 











R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance 20 mA @ =^ 1 V), HS— High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 



1-57 



- Numerical Index - 



1N3210— 1N3285 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr 
(volts) 



Vf lo Ir 'surge 

(volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 



PRV 
(volts) 



V F @ l F 
(volts) 



Ir 



trr 



ZENER DIODES 



u f m . n \ V z (nom) Tol 
Vz(min) |vz(max)| V z Q/o 



REFERENCE DIODES 



TC 

%/°C 



1N3210 
1N32 1 1 
1N3212 
1N3213 
1N3214 
1N3215 
1N3223 
1N3225 



3-13 

3-13 

3-13 

3-8 

3-8 



R 
R 
R 
R 
R 

HS 
MS 
MS 



200 
300 
400 
500 
600 

80 
150 

40 



1.5 
1.5 
1.5 
1.5 
1.5 
.7 
1.5 
1 



15 
15 
15 
15 
15 
1M 
4M 
5M 



10 
10 
10 
10 
10 
10« 
20« 
33* 



250 
250 
250 
250 
250 
.25 
800 
.5 



1N3227 
1N3228 
1N3229 
1N3230 
1N3231 
1N3232 
1N3233 
1N3234 



100 
200 
400 
600 
800 
1000 
1200 
15Q0 



3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3«3 



.5 

.5 
.5 
.5 

.5 
.5 
.5 

^3. 



.250 
.250 
.250 
.250 
.250 
.250 
.250 
,250 



12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12,5 



1N3235 
1N3236 
1N3237 
1N3238 
1N3239 
1N3240 
1N3241 
1N3242 



1800 
2000 
50 
100 
200 
400 
600 
800 



3.3 
3.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 



.5 
.5 
.75 
.75 
.75 
.75 
.75 
.75 



.250 
.250 
.250 
.250 
.250 
.250 
.250 
.250 



12.5 
12.5 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 



1N3243 
1N3244 
1N3245 
1N3246 
1N3247 
1N3248 
1N3249 
1N3250 



1000 
1200 
1500 
50 
100 
200 
400 
600 



2.2 
2.2 
2.2 
1.1 
1.1 
1.1 
1.1 
1.1 



.75 
.75 
.75 
1 
1 
1 
1 

1 



.250 
.250 
.250 
.250 
.250 
.250 
.250 
.250 



15.0 
15.0 
15.0 
20.0 
20.0 
20.0 
20.0 
20.0 



1N3251 
1N3252 
1N3253 
1N3254 
1N3255 
1N3256 
1N3260 
1N3261 



S 
S 
S 
S 
S 
S 
S 

S IMR1221SB 



1N4003 
1N4004 
1N4005 
1N4006 
MR1220SB 



3-23 
3-23 
3-23 
3-23 
3-38 
3-38 



800 
1000 
200 
400 
600 
800 
50 
100 



1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
1.6 
1.6 



1 
1 

.75 
.75 
.75 
.5 

160 
160 



.250 
.250 
• 2 
.2 
.2 
.2 
12 
12 



20.0 
20.0 

40 
40 
40 
40 
2000 
2000 



1N3262 
1N3263 
1N3264 
1N3265 
1N3266 
1N3267 
1N3268 
1N3269 



S MR1222SB 
S |MR1223SB 

s 

S |MR1225SB 
S 

s 
s 
s 



MR1226SB 
MR1227SB 



3-38 
3-38 
3-38 
3-38 
3-38 
3-38 



150 
200 
250 
300 
350 
400 
500 
600 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 



160 
160 
160 
160 
160 
160 
160 
160 



12 
12 
12 
12 
12 
12 
12 
12 



2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 



1N3270 
1N3271 
1N3272 
1N3273 
1N3274 
1N3275 
1N3276 
1N3277 



700 
800 
900 
1000 
1200 
1400 
1600 
200 



1.6 
1.6 
1.6 
1.6 
1.4 
1.4 
1.4 
1.3 



160 
160 
160 
160 
160 
160 
160 
.75 



2000 
2000 
2000 
2000 
2000 
2000 
2000 
25 



1N3278 
1N3279 
1N3280 
1N3281 
1N3282 
1N3283 
1N3284 
1N3285 



400 
600 
800 
1000 
1000 
1500 
2000 
2500 



1.3 
1.3 
1.3 
1.3 
3.7 
3.7 
3.7 
3.7 



.75 
.75 
.75 
.75 
.1 
.1 
.1 
.1 



25 
25 
25 
25 
2.5 
2.5 
2.5 
2.5 



R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP -General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-58 



- Numerical Index - 



1N3286— 1N3317B 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr Vp lo Ir Isurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 



PRV V F @ l F 
(volts) (volts) 



trr 
(/AS) 



ZENER DIODES 



w V z (nom) Tol 

Vz(mm) V Z z (max) V z % 



REFERENCE DIODES 



TC 
%/°C 



V Z 



T(min) T(max) 
C °C 



1N3286 

1N3287 

1N3288 

1N3288A 

1N3289 

1N3289A 

1N3290 

1N3290A 



MR1211SB 



MR1213SB 



MR1215SB 



3-35 
3-35 
3-35 



R 

SP 

R 

R 

R 

R 

R 

R 



3000 
6 

100 
100 

200 
200 
300 
300 



3.7 
.312 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



.1 

1M 
100 
100 
100 
100 
100 
100 



15* 

200 
24 

300 
24 

400 

_2Jt 



2.5 

1600 
2300 
1600 
2300 
1600 
23Q0 



1N3291 

1N3291A 

1N3292 

1N3292A 

1N3292B 

1N3293 

1N3293A 

1N3294 



MR1217SB 



3-35 



400 
400 
500 
500 
500 
600 
600 
800 



1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



100 
100 
100 
100 
100 
100 
100 
100 



525 
24 

650 
21 
21 

800 
17 
1050 



1600 
2300 
1600 
1600 
2300 
1600 
2300 
1600 



1N3294A 

1N3295 

1N3295A 

1N3296 

1N3296A 

1N3297 

1N3297A 

1N3298 



R 
R 
R 
R 
R 
R 
ft 

CS 



800 
1000 
1000 
1200 
1200 
1400 
1400 
70 



1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
.9 



100 
100 
100 
100 
100 
100 
100 
50QM 



13 
1300 

11 
1600 
9 

1800 
7 

.2* 



2300 
1600 
2300 
1600 
2300 
1600 
2300 
20 



1N3298A 

1N3305 

1N3305A 

1N33058 

1N3306 

1N3306A 

1N3306B 

1N3307 



2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 



CS 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



70 



.5A 



.2* 



6.8 
6.8 
6.8 
7.5 
7.5 
7.5 
8.2 



1N3307A 

1N33078 

1N3308 

1N3308A 

1N3308B 

1N3309 

1N3309A 

1N33098 



2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



8.2 
8.2 
9.1 
9.1 
9.1 
10 
10 
10 



1N3310 

1N3310A 

1N3310B 

1N3311 

1N3311A 

1N3311B 

1N3312 

1N3312A 



2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



1N3312B 

1N3313 

1N3313A 

1N3313B 

1N3314 

1N3314A 

1N3314B 

1N3315 



2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



1N3315A 

1N3345B 

1N3316 

1N3316A 

1N3316B 

1N3317 

1N3317A 

1N3317B 



2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 



ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 



R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA @ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-59 



- Numerical Index - 



1N3318— 1N3339 













RECTIFIERS 


ZENER DIODES 


TYPE 




REPLACE- 


PAGE 


ICATIO 


Vr 
(volts) 


Vf 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz(min) 


V z (nom) 
V z (max) 


Tol 

V z % 


P D 


UJ 


MENT 




IJ11N 


SIGNAL DIODES 












Q 


PRV 
(volts) 


V F <£ 
(volts) 


B If 




trr 
(/AS) 


TC 
%/'C 


Vz 


T(min) 
°C 


T(max) 
*C 


1N3318 


S 




2-15 


ZD 














19 


20 


50W 


1N3318A 


s 




2-15 


ZD 














19 


10 


50W 


1N3318B 


s 




2-15 


ZD 














19 


5 


50W 


1N3319 


s 




2-15 


ZD 














20 


20 


50W 


1N3319A 


s 




2-15 


ZD 














20 


10 


50W 


1N3319B 


s 




2-15 


ZD 














20 


5 


50W 


1N3320 


s 




2-15 


ZD 














22 


20 


50W 


1N3320A 


s 




2-15 


ZD 














22 


10 


50W 


1N3320B 


s 




2-15 


ZD 














22 


5 


50W 


1N3321 


s 




2-15 


ZD 














24 


20 


SOW 


1N3321A 


s 




2-15 


ZD 














2k 


10 


50W 


1N3321B 


s 




2-15 


ZD 














2h 


5 


50W 


1N3322 


s 




2-15 


ZD 














25 


20 


SOW 


1N3322A 
1N3322B 


s 
s 




2-15 
2-15 


ZD 
ZD 














25 
25 


10 
5 


50W 
50W 


1N3323 


s 




2-15 


ZD 














27 


20 


50W 


1N3323A 


s 




2-15 


ZD 














27 


10 


50W 


1N3323B 


s 




2-15 


ZD 














27 


5 


50W 


1N3324 


s 




2-15 


ZD 














30 


20 


50W 


1N3324A 


s 




2-15 


ZD 














30 


10 


50W 


1N3324B 


s 




2-15 


ZD 














30 


5 


50W 


1N3325 


s 




2-15 


ZD 














33 


20 


50W 


1N3325A 


s 




2-15 


ZD 














33 


10 


SOW 


1N3325B 


s 




2-15 


ZD 














33 


5 


50W 


1N3326 


s 




2-15 


ZD 














36 


20 


SOW 


1N3326A 


s 




2-15 


ZD 














36 


10 


50W 


1N3326B 


s 




2-15 


ZD 














36 


5 


50W 


1N3327 


s 




2-15 


ZD 














39 


20 


50W 


1N3327A 


s 




2-15 


ZD 














39 


10 


50W 


1N3327B 


s 




2-15 


ZD 














39 


5 


SOW 


1N3328 


s 




2-15 


ZD 














43 


20 


50W 


1N3328A 


s 




2-15 


ZD 














l»3 


10 


50W 


1N3328B 


s 




2-15 


ZD 














U3 


5 


50W 


1N3329 


s 




2-15 


ZD 














45 


20 


50W 


1N3329A 


s 




2-15 


ZD 














45 


10 


50W 


1N33298 


s 




2-15 


ZO 














45 


5 


50W 


1N3330 


s 




2-15 


ZD 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance (^20mA@^ IV), HS— High Speed Switch (Max t rr < 0,3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 
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R— Rectifier, RD— Reference Diode, ZD- Zener Diode, GP-General Purpose, HC- High Conductance 20 mA @ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD-Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance 20 mA@ ^ IV), HS— High Speed Switch (Max t rr < 0.3 as), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA— Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP— General Purpose, HC— High Conductance 20 mA @ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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ZD 














8.2 


5 


400M 


1N3517 
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ZD 














9.1 


5 


400M 


1N3518 


s 






ZD 














10 


5 


400M 


1N3519 
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ZD 














11 


5 


400M 


1N3520 
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ZD 














12 


5 


400M 


1N3521 


s 






ZD 














13 


5 


400M 


1N3522 
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ZD 














15 


5 


400M 


1N3523 
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ZD 














16 


5 


400M 


1N3524 
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ZD 














18 


5 


400M 


1N3525 
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ZD 














20 


5 


400M 


1N3526 
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ZD 
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5 
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ZD 














24 


5 
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ZD 
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30 


5 
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1N3530 
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ZD 














33 


5 


400M 
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ZD 














36 


5 


400H 
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ZD 














39 


5 


400M 
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ZD 














43 


5 
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s 






ZD 
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5 
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GP 
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.2 
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s 


IN4003 


3-23 


R 


200 


1.5 


.6 


.2 


15 










1N3546 


s 


1N4004 


3-23 


R 


300 


1.5 


.6 


.2 


15 










1N3547 


s 


1N4004 


3-23 


R 


400 


1.5 


.6 


.2 


15 










1N3548 


s 


1N4005 


3-23 


R 


500 


1.5 


.6 


.2 


15 
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3-23 
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s 






R 
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.4 


.2 
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2A 
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s 






R 
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2.25 


1 


.5 


20 
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s 






CS 


bO 


1 


100M 


.05* 


2 










1N3568 


s 






CS 




1 


lt§£i 




2 










1N3569 


s 


1N4720 


3-24 


R 


100 


1.3 


3.5 


.4 


35 










1N3570 


s 


1N4721 


3-24 


R 


200 


1.3 


3.5 


.4 


35 










1N3571 


s 


MR1033A 


3-24 


R 


300 


1.3 


3.5 


.4 


35 










1N3572 


s 


1N4722 


3-24 


R 


1+00 


1.3 


3.5 


.4 


35 










1N3573 


s 


MR1035A 


3-24 


R 


500 


1.3 


3.5 


.4 


35 










1N3574 


s 


1N4723 


3-24 


R 


600 


1.3 


3.5 


.4 


35 










1N3575 


s 






GP 




.7U 


1M 
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s 






GP 
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1M 
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s 






GP 
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1M 
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s 






GP 
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1M 
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GP 


fills 
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1M 
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0 


75 
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s 




2-32 


RD 
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12.28 


-55 
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s 
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RD 
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0 


75 


1N3581A 


s 




2-32 


RD 
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12.28 


-55 


100 


1N3581B 


s 




2-32 


RD 












.005 


12.28 


-55 


150 


TN3582 


s 




2-32 


RD 












.002 


12.28 


0 


75 


1N3582A 


s 




2-32 


RD 












• CC2 


12.28 


-55 


100 


1N3582B 


s 




2-32 


RD 












.0C2 


12.28 


-55 


•150 


1N3583 


s 






RD 












.001 


12.28 


0 


75 


1N3583A 


s 






RD 












.001 


12.28 


-55 


100 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Specia Purpose. 
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Numerical Index 

1N3583B— 1N3645 
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TC 
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Vz 
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°C 
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°C 


1N3583B 

1N3584 

1N3584A 

1N3584B 

1N3585 

1N3586 

1N3587 

1N3588 


s 
s 
s 
s 
s 
s 
s 
s 


MR1240SB 
MR1241SB 
MR1243SB 
MR1245SB 


3-44 
3-44 
3-44 
3-44 


R0 

RD 

R0 

RD 

R 

R 

R 

R 


50 
100 
200 
300 


1.25 
1.25 
1.25 
1.25 


400 
400 
400 
400 


25 
25 
25 
25 


8000 
8000 
8000 
8000 


.001 

.005 
.005 
.005 


12.28 
12.28 
12.28 
12.28 


0 

-55 
-55 


150 
75 
100 
150 


lNib«y 
1N3590 
1N3591 
1N3592 
1N3593 
1N3594 
1N3595 
1N3596 


i> 
s 
s 

G 

s 
s 
s 
s 


MR124VSB 


3-44 


R 
R 
R 

HS 
HS 
CS 
HC 
HS 


1*00 
500 
600 
30 
40 
60 
125 
20 


5.25 
1.25 
1.25 
.35 
1 
1 
1 
1 


400 
400 
400 
2M 
10M 
50M 
200M 
30M 


25 
25 
25 
4» 
25N 
• IM 
IM 
.1* 


8000 
8000 
8000 
.04 
10 
6 
3 
4 










1N3598 
1N3599 
1N3600 
1N36C1 
1N3602 
1N3603 
1N3604 


b 
s 
s 
s 
s 
s 
s 
s 






OS 
HS 
CS 
CS 
HS 
HS 
HS 
CS 


150 
50 

150 
50 
75 
50 
30 
75 


1.2 

.85 
1 
1 
1 
1 
1 
1 


400H 
10M 
100M 
200M 
10M 
20M 
30M 
50M 


. 1« 
.1» 
.1» 

100* 
.1* 
.1» 
.1* 

.05* 


~ .3 
4 
50 
6 

5 
5 
5 
2 
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1N3607 
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1N3612 
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s 
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HC 
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HC 
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75 
75 
40 
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1 

.55 
.55 
1 
1 
1 


. IM 
.1M 

50M 
.1M 
.IM 

750M 
750M 
750M 


.05*- 
.05* 
.05* 
.05* 
.05* 
10* 
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10* 
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2 
2 
2 
2 
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1N3621 


b 

s 
s 
s 
s 
s 
s 
s 


1N4006 
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MR1122 
MR1122 
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3-28 
3-28 
3-28 
3-28 
3-28 
3-28 
3-28 


HC 

R 
R 
R 
R 
R 
R 
R 


800 
50 
100 
150 
200 
300 
400 
500 


1 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


7b0H 
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16 
16 
16 
16 
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16 
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2.5 
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s 






R 
R 
R 
R 
R 
R 
R 
R 


200 
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400 
500 
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700 
800 
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1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
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.75 
.75 
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.75 
. 75 
.75 
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.01 
.01 
.01 
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.01 
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30 
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30 
30 
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1N4004 
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GP 
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200 
400 
600 
800 
1000 
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5 
5 
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.75 
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.5 
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250M 
250M 
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.2 
.2 
.2 
.2 
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5* 
5* 


30 
40 
40 
40 
40 











R— Rectifier, RD-Reference Diode, ZD -Zener Diode, GP— General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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1N3656 


S 

s 
s 
s 
s 
s 
s 
s 


MR1128 
MR1130 


3-28 
3-28 


GP 

GP 

R 

R 

R 

CS 
CS 
HC 


2500 
3000 
10K 
800 
1000 
90 

200 


5 
5 
23 
1.1 
1.1 
11111' 
1 


250H 
250M 
.35 
1 
1 

IIIOH 
50M 
500M 


5» 
5* 
.5 

.005 
.005 
25N 
25N 
.01M 


30 
25 
25 
4 
4 










1N3657 
1N3658 
1N3659 
1N3660 
1N3661 
1N3662 
1N3663 
1N3664 


s 
s 
s 
s 
s 
s 
s 
s 






HC 

HC 

R 

R 

R 

R 

R 

R 


400 
600 
50 
100 
200 
300 
400 
500 


1.2 
1.2 
1.4 
1.4 
1.4 
1.4 
1-4 
1.4 


500M 
500M 
25 
25 
25 
25 
25 
25 


.018 
.01M 
5.0 
4.5 
4.0 
3.5 
3.0 
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400 
400 
400 
400 
400 
400 










1N3665 

1N3666 

1N3667 

1N3668 

1N3669 

1N3670 

1N3670A 

1N3671 


s 

G 

s 
s 
s 
s 
s 
s 


MR1128 
MR1128 
MR1128 


3-28 
3-28 
3-28 


R 

HC 
R 

HS 

HS 

R 

R 

R 
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80 
500 
30 
70 
700 
700 
800 


1.4 

1 

1.2 

2.05 
1.5 
2.05 


25 
200M 
1.5 

400M 
12 
12 
12 


2.0 
25* 
1.2 

.25* 
3.0 
.9 
2.0 


400 
.3 
30 
.15 
.2 
200 
240 
200 










1N3671A 

1N3672 

1N3672A 

1N3673 

1N3673A 

1N3675 

1N3675A 

1N3675B 


s 
s 
s 
s 
s 
s 
s 
s 


MR1128 
MR1130 
MR1130 
MR1130 
MR1130 


3-28 
3-28 
3-28 
3-28 
3-28 
2-21 
2-21 
2-21 


R 
R 
R 
R 
R 

ZD 
ZD 
ZD 


800 
900 
900 
1000 
1000 


1.3 
2.05 
1.15 
2.05 
1 


12 
12 
12 
12 
12 


.8 
2.0 

.7 
1.0 

.6 


240 
200 
240 
200 
240 




6.8 
6.8 
6.8 


20 
10 
5 


750N 
750M 
750M 


1N3676 

1N3676A 

1N3676B 

1N3677 

1N3677A 

1N3677B 

1N3678 

1N3678A 


s 
s 
s 
s 
s 
s 
s 
s 




2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














7.5 
7.5 
7.5 
8.2 
8.2 
8.2 
9. 1 
9.1 


20 
10 

5 
20 
10 

5 
20 
10 


750M 
750M 
750M 
750M 
750M 
750M 
750M 
750H 


1N3678B 

1N3679 

1N3679A 

1N3679B 

1N3680 

1N3680A 

1N3680B 

1N3681 


s 
s 
s 
s 
s 
s 
s 
s 




2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














9.1 
10 
10 
10 
11 
11 
11 
12 


5 
20 
10 

5 
20 
10 

5 
20 


750M 
750M 
750M 
750M 
750H 
750M 
750M 
750M 


1N3681A 

1N3681B 

1N3682 

1N3682A 

1N3682B 

1N3683 

1N3683A 

1N3683B 


s 
s 
s 
s 
s 
s 
s 
s 




2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
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15 
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10 
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5 
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1N3684A 
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s 
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s 




2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 
2-21 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














16 
16 
16 
18 
18 
18 
20 
20 


20 
10 

5 
20 
10 

5 
20 
10 


750M 
750H 
750M 
750M 
750M 
750H 
750M 
750* 



R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance^ 20 mA@=sS IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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ZD 














20 


5 


750M 


1N3687 


s 




2-21 


ZD 














22 


20 


750M 


1N3687A 


s 




2-21 


ZD 














22 


10 


750M 


1N3687B 


s 




2-21 


ZC 














22 


5 


750H 


1N3688 


s 




2-21 


ZD 














24 


20 


750M 


1N3688A 


s 




2-21 


ZD 














24 


10 


750M 


1N3688B 


s 




2-21 


ZD 














24 


5 


750M 


1N3689 


s 




2-21 


ZD 














27 


20 


750M 


1N3689A 


s 




2-21 


ZD 














27 


10 


750M 


1N3689B 


s 




2-21 


ZD 














27 


5 


750M 


1N3690 


s 




2-21 


ZD 














30 


20 


750M 


1N3690A 


s 




2-21 


ZD 














30 


10 


750M 


1N369GB 


s 




2-21 


ZD 














30 


5 


750M 


1N3691 


s 




2-21 


ZD 














33 


20 


750M 


1N3691 A 


s 




2-21 


ZD 














33 


10 


750M 


1N3691B 


s 




2-21 


ZD 
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5 
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1N3692 
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ZD 














36 


20 
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s 
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ZD 














36 


10 


750M 


1N3692B 


s 




2-21 


ZD 














36 


5 


750M 


1N3693 


s 




2-21 


ZD 














39 


20 


750M 


1N3693A 


s 




2-21 


ZD 














39 


10 


750M 


1N3693B 


s 




2-21 


ZD 














39 


5 


750M 


1N3694 


s 




2-21 


ZD 














43 


20 


750M 


1N3694A 


s 




2-21 


ZD 














43 


10 


750M 


1N3694B 


s 




2-21 


ZD 














43 


5 


750M 


1N3695 


s 




2-21 


ZD 














47 


20 


750M 


1N3695A 


s 




2-21 


ZD 














47 


10 


750M 


1N3695B 


s 




2-21 


ZD 














47 


5 


750M 


1N3696 


s 




2-21 


ZD 














51 


20 


750M 


1N3696A 


s 




2-21 


ZD 














51 


10 


750M 


1N3696B 


s 




2-21 


ZD 














51 


5 


750M 


1N3697 


s 




2-21 


ZD 














56 


20 


750M 


1 N3697A 


s 




2-21 


ZD 














56 


10 


750M 


1N3697B 


s 




2-21 


ZD 














56 


5 


750M 


1N3698 


s 




2-21 


ZD 














62 


20 


750M 


1N3698A 


s 




2-21 


ZD 














62 


10 


750M 


1N3698B 


s 




2-21 


ZD 














62 


5 


750M 


1N3699 


s 




2-21 


ZD 














68 


20 


750M 


1N3699A 


s 




2-21 


ZD 














68 


10 


750H 


1N3699B 


s 




2-21 • 


ZD 














68 


5 


750H 


1N370G 


s 




2-21 


ZD 














75 


20 


T50M 


1N3700A 


s 




2-21 


ZD 














75 


10 


750M 


1N37CQB 


s 




2-21 


ZD 














75 


5 


750H 


1N370 1 






2-21 


ZD 














82 


20 


750M 


1N3701 A 


s 




2-21 


ZD 














82 


10 


750M 


1N37C 1 B 


s 




2-21 


ZD 














82 


5 


750M 


1N3702 


s 




2-21 


ZD 














91 


20 


750M 


1N3702A 


s 




2-21 


ZD 














91 


10 


750M 


1N3702B 


s 




2-21 


ZD 














91 


5 


750H 


1N3703 


s 




2-21 


ZD 














100 


20 


750M 


1N3703A 


s 




2-21 


ZD 














100 


10 


750M 


1N3703B 


s 




2-21 


ZD 














100 


5 


750M 


1N3704 


s 






ZD 














110 


20 


750M 


1N3704A 


s 






ZD 














110 


10 


750M 


1N3704B 


s 






ZD 














110 


5 


750M 


1N3705 


s 




2-21 


ZD 














120 


20 


750M 


1N3705A 


s 




2-21 


ZD 














120 


10 


fSOM 


1N3705B 


s 




2-21 


ZD 














120 


5 


750M 


1N3706 


s 




2-21 


ZD 














130 


20 


750M 


1N3706A 


s 




2-21 


ZD 














130 


10 


750M 


1N3706B 


s 




2-21 


ZD 














130 


5 


750M 


1N3707 


s 




2-21 


ZD 














150 


20 


750M 


1N3707A 


s 




2-21 


ZD 














150 


10 


750M 


1N3707B 


s 




2-21 


ZD 














150 


5 


750M 



ZENER DIODES 



VWmiirt V Z< nom ) Tol 
VzUti.ii) y z(max) y z o /o 



REFERENCE DIODES 



R— Rectifier, RD- Reference Diode, ZD-Zener Diode, GP- General Purpose, HC- High Conductance 20mA@ ^ IV), HS -High Speed Switch (Max t rr < 0.3 ^s), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-67 



- Numerical Index - 



1N3708— 1N3783 











as 


RECTIFIERS 


ZENER DIODES 


TYPE 


UI 


REPLACE- 


PAGE 


o 
u 


Vr 
(volts) 


(volts) 


■o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (min) 


V z (nom) 
V z (max) 


Tol 

V z % 


Pd 


I— 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 










LU 

a 


PRV 
(volts) 


(volts) 


§ If 


. 

«R 


trr 
(JU.S) 


TC 

%/°c 




T(min) 


T(max) 
°C 


1N3708 
1N3708A 


s 

S 




2-21 
2-21 


ZD 
ZD 














160 
160 


20 
10 


750M 
750M 


1N3708B 


s 




2-21 


ZD 














160 


5 


750M 


1N3709 


s 




2-21 


ZD 














180 


20 


750H 


1N3709A 


s 




2-21 


ZD 














180 


10 


750M 


1N3709B 


s 




2-21 


ZD 














180 


5 


750H 


1N3710 


s 




2-21 


ZD 














200 


20 


750M 


1N3710A 


s 






ZD 














200 


10 


750M 


1N3710B 


s 




2-21 


ZD 














200 


5 


750M 


1N3711 


s 






R 


6000 


11 


.15 


.025 


5 










1N3722 


s 






CS 


50 


1 


20M 


.1* 


Mm 










1N3723 


s 






R 


1000 


2.2 


.75 


.005 


12 










1N3724 


s 






R 


1200 


2.2 


.75 


.005 


12 










1N3725 


s 






R 


1400 


2.2 


.75 


.005 


12 










1N3726 


s 






R 


1600 


2.2 


.75 


.005 


12 










1N3727 


s 






R 


1800 


2.2 


.75 


.005 


12 










1N3728 


s 






HC 


550 


1.2 


40CH 


.!• 












1N3729 


s 






MS 


600 






• 1* 


.5 










1N3730 


s 






CS 


80 




750M 




15 










1N3731 


s 






HS 


80 




10CM 


5« 


3 










1N3732 
1N3735 


s 
s 






ZD 
R 


100 


1.3 


250 


16 


4500 




5. 1 


5 


1H 


1N3736 


s 


MR1233SB 


3-41 


R 


200 


1.3 


250 


16 


4500 










1N3737 


s 


MR1235SB 


3-41 


R 


300 


1.3 


250 


16 


4500 










1N3738 


s 


MR1237SB 


3-41 


R 


400 


1.3 


250 


16 


4500 










1N3739 


s 






R 


500 


1.3 


250 


13 


4500 










1N3740 


s 






R 


600 


1.3 


250 


12 


4500 










1N3741 


s 






R 


800 


1.3 


250 


9 


4500 










1N3742 


s 






R 


1000 


1.3 


250 


7 


4500 










1N3743 


s 






R 


1200 


1.3 


250 


7 


4500 










1N3744 


s 






R 


1400 


1.3 


250 


7 


4500 










1N3748 


s 






R 


200 


1.5 


.5 




20 










1N3749 


s 






R 


400 


1.5 


.5 




20 










1N3750 


s 






R 


600 


1.5 


.5 




20 










1N3751 


s 






R 


800 


1.5 


.5 




20 










1N3752 


s 






R 


1000 


1.5 


.5 




20 










1N3753 


G 






HC 


55 


1 


150M 


5* 












1N3754 


s 






R 


100 


1.2 


.15 


.3 


15 










1N3755 


s 






R 


200 


1.2 


.15 


.3 


15 










1N3756 


s 






R 


400 


1.2 


.15 


.3 


15 










1N3757 


s 






R 


200 








30 










1N3758 


s 






R 


400 


1 






30 










1N3759 


s 






R 


600 








30 










1N3760 


s 






R 


800 








30 










1N3761 


s 






R 


1000 


1 






30 










1N3762 


s 






R 


5300 


12 


.065 


.005 


15 










1N3763 


s 






RD 












;|||H1J 


WSIMBi 


-55 


150 


1N3764 


s 






R 


3000 


6.5 


.2 


• 1 


8 










1N3765 


s 






R 


700 


1.8 


35 


5 


400 










1N3766 


s 






R 


800 


1.8 


35 


4 


400 










1N3767 


s 






R 


900 


1.8 


35 


3 


400 










1N3768 


s 






R 


1000 


1.8 


35 


2 


400 










1N3769 


G 






HC 


90 


IlllllI 


i!i§ 


5* 












1N3770 




/aractor I 


iodes, s 


ie tab 


le on 


page 1 


-99 














1N3773 


G 






HS 


illll 


!SI§ 


ill! 


4« 












1N3774 


s 






ZD 














1.15 


2 


.34W 


1N3775 


s 






R 


1500 


2.2 


3.3 


.1 


15 










1N3776 


s 






ZD 














10 




6W 


1N3777 


s 






HS 


40 


111111 


illll 


.1* 


ISSSI 










1N3779 


s 






RD 












.015 


6.7 


-55 


25 


1N3780 


s 






RD 












01 


6.7 


-55 


25 


1N3781 


s 






RD 












.005 


6.7 


-55 


25 


1N3782 
1N3783 


s 
s 






RD 
RD 












.002 
..001 


6.7 
6.7 


-55 
-55 


25 
25 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC- High Conductance 20 mA @ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-68 



Numerical Index 



1N3784— 1N3805B 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


_j 

ss 


REPLACE- 


PAGE 


o 
►— 
«s 

CD 


Vr 
(volts) 


(volts) 


'o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (mln) 


Vz (nom) 
V z (max) 


Tol 

V z % 


Pd 


UJ 

£ 


MENT 


NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










UU 

a 


PRV 
(volts) 


(volts) 


3 If 


■ r 


trr 
(/AS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N3784 

1N3785 

1N3785A 

1N3785B 

1N3786 

1N3786A 

1N3786B 

1N3787 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


RD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












.0005 


6.7 
6.8 
6.8 
6.8 
7.5 
7.5 
7.5 
8.2 


-55 
20 
10 

5 
20 
10 

5 
20 


25 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5M 
1.5W 


1N3787A 

1N3787B 

1N3788 

1N3788A 

1N3788B 

1N3789 

1N3789A 

1N3789B 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














8.2 
8.2 
9. 1 
9.1 
9.1 
10 
10 
10 


10 
5 
20 
10 
5 
20 
10 
5 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3790 

1N3790A 

1N3790B 

1N3791 

1N3791A 

1N3791B 

1N3792 

1N3792A 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














11 
11 
11 
12 
12 
12 
13 
13 


20 
10 

5 
20 
10 

5 
20 
10 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3792B 

1N3793 

1N3793A 

1N3793B 

1N3794 

1N3794A 

1N3794B 

1N3795 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














13 
15 
15 
15 
16 
16 
16 
18 


5 
20 
10 

5 
20 
10 

5 
20 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5U 
1.5W 


1N3795A 

1N3795B 

1N3796 

1N3796A 

1N3796B 

1N3797 

1N3797A 

1N3797B 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














18 
18 

20 
20 
20 
22 
22 
22 


10 
5 
20 
10 
5 
20 
10 
5 


1.5W 
1.5W 
1.5M 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3798 

1N3798A 

1N3798B 

1N3799 

1N3799A 

1N3799B 

1N3800 

1N38CGA 


$ 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














24 
24 
24 
27 
27 
27 
30 
30 


20 
10 

5 
20 
10 

5 
20 
10 


1.5W 
1.5U 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3800B 

1M3801 

1N3801A 

1N3801B 

1N3802 

1N3802A 

1N3802B 

1N3803 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














30 
33 
33 
33 
36 
36 
36 
39 


5 
20 
10 

5 
20 
10 

5 
20 


1.5W 
1.5W 

l.Sw 

1.5W 
1.5W 
1.5H 
1.5W 
1.5W 


1N3BU3A 
1N3803B 
1N3804 
1N3804A 

mioni, o 
INicOM B 

1N3805 

1N3805A 

1N3805B 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














39 
39 
43 
43 
43 
47 
47 
47 


10 
5 
20 
10 
5 
20 
10 
5 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-69 



; Numerical Index 



1N3806— 1N3830 











as 


RECTIFIERS 


ZENER DIODES 


TYPE 


—i 
«* 

oc 


REPLACE- 


PAGE 


o 
u 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (min) 


Vz (nom) 
V z (max) 


Tol 

v z % 


Pd 


LLi 

«s 
2~ 


MENT 


NUMBER 


Z ' 


SIGNAL DIODES 


REFERENCE DIODES 










Ul 


PRV 

(volts) 


(volts) 


!> If 




trr 
(M S > 


TC 
%/°C 


V z 


T(min) 
°C 


T(max) 


1N3806 

1N3806A 

1N3806B 

1N3807 

1N3807A 

1N3807B 

1N3808 

1N3808A 


S 

s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














51 
51 
51 
56 
56 
56 
62 
62 


20 
10 

5 
20 
10 

5 
20 
10 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3808B 

1N3809 

1N3809A 

1N3809B 

1N3810 

1N3810A 

1N3810B 

1N381 1 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














62 
68 
68 
68 
75 
75 
75 
82 


5 
20 
10 

5 
20 
10 

5 
20 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3811A 

1N381 IB 

1N3812 

1N3812A 

1N3812B 

1N3813 

1N3813A 

1N3813B 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














82 
82 
91 
91 
91 
100 
100 
100 


10 
5 
20 
10 
5 
20 
10 
5 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3814 

1N3814A 

1N38148 

1N3815 

1N3815A 

1N3815B 

1N3816 

1N3816A 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














no 

110 
110 
120 
120 
120 
130 
130 


20 
10 

5 
20 
10 

5 
20 
10 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3816B 

1N3817 

1N3817A 

1N3817B 

1N3818 

1N3818A 

1N3818B 

1N3819 


s 
s 
s 
s 
s 
s 
s 
s 




2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 
2-22 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














130 
150 
150 
150 
160 
160 
160 
180 


5 
20 
10 

5 
20 
10 

5 
20 


1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 
1.5W 


1N3819A 

1N3819B 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance O 20mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP— Special Purpose. 
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R— Rectifier, RD-Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA -Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD — Reference Diode, ZD -Zener Diode, GP— General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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1*3 


10 


5W 


1N4033B 


s 






ZD 














43 


5 


5W 


1N4034 


s 






ZD 














1*7 


20 


5W 


1N4C34A 


s 






ZD 














1*7 


10 


5ii 


1N403UB 


s 






ZD 














1*7 


5 


5W 


1N4035 


s 






ZD 














51 


20 


5N 


1NU035A 


s 






ZD 














51 


10 


5W 


1N4035B 


s 






ZD 














51 


5 


5W 


1N4036 


s 






ZD 














56 


20 


5W 


1N4036A 


s 






ZD 














56 


10 


5W 


1NU036B 


s 






ZD 














56 


5 


5W 


1N4037 


s 






ZD 














62 


20 


5W 


1N4037A 


s 






ZD 














62 


10 


5W 


1N1*037B 


s 






ZD 














62 


5 


5W 


1N4038 


s 






ZD 














68 


20 


5W 


1N4038A 


s 






ZD 














68 


10 


5N 


1N4038B 


s 






ZD 














68 


5 


5W 


1N4039 


s 






ZD 














75 


20 


5H 


1NH039A 


s 






ZD 














75 


10 


5W 


1N4039B 


s 






ZD 














75 


5 


5W 


1N4040 


s 






ZD 














82 


20 


5W 


lNitOUOA 


s 






ZD 














82 


10 


5W 


1N4040B 


s 






ZD 














82 


5 


5W 




s 






ZD 














91 


20 


5W 




s 






ZD 














91 


10 


5w 


1N4041B 


s 






ZD 














91 


5 


5W 


1N4042 


s 






ZD 














100 


20 


5W 


1NU042A 


s 






ZD 














100 


10 


5W 


1N4042B 


s 






ZD 














100 


5 


5W 


1N4043 


s 






cs 




1 


30M 


. 1* 


2 










1NU04U 


s 


MR1230SB 


3-41 


R 


50 


1.35 


275 


15 


5000 










1N4G45 


s 


MR1231SB 


3-41 


R 


100 


1.35 


275 


15 


5000 










1N4Q1»6 


s 


MR1232SB 


3-41 


R 


150 


1.35 


275 


15 


5000 










1N4047 


s 


MR1233SB 


3-41 


R 


200 


1.35 


275 


15 


5000 










1N4048 


s 


MR1234SB 


3-41 


R 


250 


1.35 


275 


15 


5000 










1N4049 


s 


MR1235SB 


3-41 


R 


300 


1.35 


275 


15 


5000 










1N4050 


s 


MR1237SB 


3-41 


R 


400 


1.35 


275 


15 


5000 










1N4051 


s 






R 


500 


1.35 


275 


15 


5000 










1N4052 


s 






R 


600 


1.35 


275 


15 


5000 










1N4053 


s 






R 


700 


1.35 


275 


15 


5000 










1N4054 


s 






R 


800 


1.35 


275 


15 


5000 










1N4055 


s 






R 


900 


1.35 


275 


15 


5000 










1N4056 


s 






R 


1000 


1.35 


275 


15 


5000 










1N4057 


s 






RD 












.005 


12.1* 


-55 


100 


1N4057A 


s 






RD 












.002 


12. i* 


-55 


100 


1NM058 


s 






RD 












.005 


1lf.6 


-55 


100 


1N4058A 


s 






RD 












.002 


11*. 6 


-55 


100 


1N4059 


s 






RD 












.005 


16.8 


-55 


100 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC — High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 us), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA -Parametric Amplifier, SP-Special Purpose. 



1-74 



Numerical Index 



1N4059A— 1N4097 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


[RIAL 


REPLACE- 


PAGE 


ICATIO 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


!r 
(mA) 


1 surge 
(Amps) 


Vz(min) 


Vz (nom) 
Vz(max) 


Tol 

V z % 


Pd 


t— 


ftJEMT 

mtnl 


MIIURCD 
NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










UJ 

a 


PRV 

(volts) 


V F (c 
(volts) 




'r 


trr 
(/XS) 


TC 
%/°C 


Vz 


T(min) 
°C 


T(max) 
°C 


1N4059A 


s 






RD 












.002 


16.8 


-55 


100 


1N4060 


s 






RD 












.005 


18.5 


-55 


100 


1N4060A 


s 






RD 












.002 


18.5 


-55 


100 


1N4061 


s 






RD 












.005 


21 


-55 


100 


1N4061A 


s 






RD 












.002 


21 


-55 


100 


1N4062 


s 






RD 












.005 


23 


-55 


100 


1N4062A 


s 






RD 












.002 


23 


-55 


100 


1N4063 


s 






RD 












.005 


27 


-55 


100 


1N4063A 


s 






RD 












.002 


27 


-55 


100 


1N4064 


s 






RD 












.005 


30 


-55 


100 


1N4064A 


s 






RD 












.002 


30 


-55 


100 


1N4065 


s 






RD 












.005 


33 


-55 


100 


1N4065A 


s 






RD 












.002 


33 


-55 


100 


1N4066 


s 






RD 












.005 


37 


-55 


100 


1N4066A 


s 






RD 












.002 


37 


-55 


100 


1N4067 


s 






RD 












5 


43 


-55 


100 


1N4067A 


s 






RD 












2 


43 


-55 


100 


1N4068 


s 






RD 












5 


47 


-55 


100 


1N4068A 


s 






RD 












2 


47 


-55 


100 


1N4069 


s 






RD 












5 


51 


-55 


100 


1N4069A 


s 






RD 












2 


51 


-55 


100 


1N4070 


s 






RD 












5 


56 


-55 


100 


1N4070A 


s 






RD 












2 


56 


-55 


100 


1N4071 


s 






RD 












5 


62 


-55 


100 


1N4071A 


s 






RD 












2 


62 


-55 


100 


1N4072 


s 






RD 












5 


68 


-55 


100 


1N4072A 


s 






RD 












2 


68 


-55 


100 


1N4073 


s 






RD 












5 


75 


-55 


100 


1N4073A 


s 






RD 












2 


75 


-55 


100 


1N4074 


s 






RD 












5 


82 


-55 


100 


1N4074A 


s 






RD 












2 


82 


-55 


100 


1N4075 


s 






RD 












.005 


87 


-55 


100 


1N4075A 


s 






RD 












.002 


87 


-55 


100 


1N4076 


s 






RD 












.005 


91 


-55 


100 


1N4076A 


s 






RD 












.002 


91 


-55 


100 


1N4077 


s 






RD 












.002 


100 


-55 


100 


1N4077A 


s 






RD 












.002 


100 


-55 


100 


1N4078 


s 






RD 












.005 


105 


-55 


100 


1N4078A 


s 






RD 












.002 


105 


-55 


100 


1N4079 


s 






RD 












.005 


110 


-55 


100 


1N4079A 


s 






RD 












.002 


110 


-55 


100 


1N408G 


s 






RD 












.005 


120 


-55 


100 


1N4080A 


s 






RD 












.002 


120 


-55 


100 


1N4081 


s 






RD 












.005 


130 


-55 


100 


1N4081A 


s 






RD 












.002 


130 


-55 


100 


1N4082 


s 






RD 












.005 


140 


-55 


100 


1N4082A 


s 






RD 












.002 


140 


-55 


100 


1N4083 


s 






RD 












.005 


150 


-55 


100 


1N4083A 


o 






RD 












.002 


150 


-55 


100 


1N4084 


s 






RD 












.005 


175 


-55 


100 


1N4084A 


s 






RD 












.002 


175 


-55 


100 


1N4085 


s 






RD 












.005 


200 


-55 


100 


1N4085A 
1N4086 


s 

c 
o 






RD 
ur 
nU 


70 


1 


200M 


.25H 


200 


.002 


200 


-55 


100 


1N4087 


c 
o 








50 


.975 


3CM 


90N 


2.5 










1N4088 


G 






HC 


ou 


-j 


1 Uun 


. 2M 












1N4089 


s 






R 


400 


1.2 


400 


.2 


75 










1N4091 




/aractor I 


iodes, s 


ie tab 


le on 


page 1 


-99 














1N4092 


s 






GP 




1 


5M 


1« 












1N4093 


s 


























1N4094 


s 


1N2624B 


2-32 


RD 














9.6 






1N4095 


s 


1N751 


2-10 


ZD 














5 


10 


275M 


1N4096 


s 


1N3004B 


2-18 


ZD 














90 


5 


3W 


1N4097 


s 


1N3005B 


2-18 


ZD 














100 


5 


3W 



R-Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA @ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP— Special Purpose. 



1-75 



Numerical Index 



1N4098 — 1N4159 













RECTIFIERS 


ZENER DIODES 


TYPE 




DCDI APC 
KtrLAUt- 


PAGE 


o 

«s 

u 


Vr 
(volts) 


Vf 
(volts) 


■o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz(min) 


Vz (nom) 
V z (max) 


Tol 

v z % 


Pd 


S 


MENT 


NUMBER 




SIGNAL DIODES 












a 


PRV 


V F <£ 
(volts) 


9 If 


11I1S1 


trr 


IliWl 
%/*c 


V Z 


T(mln) 
°C 


T(max) 
*C 


1N4098 
1N4099 
1N4100 
1N4101 
1N4102 
1N4103 
1N4104 
1N4105 


S 

s 
s 
s 
s 
s 
s 
s 


1N3011B 


2-18 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












6.46 
7.125 

7.79 
8.265 
8.645 
9.5 
10.45 


150 
7.14 

7.875 
8.61 

9.135 

9.555 
10.5 

11.55 


5 


3H 

250M 
250H 
250M 
250M 
250M 
250M 
250M 


1N4106 
1N4107 
1N41Q8 
1N4109 
1N4110 
1N4111 
1N4112 
1N4113 


s 
s 
s 
s 
s 
s 
s 
s 




2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












11.4 
12.35 

13.3 
14.25 

15.2 
16.15 

17.1 
18.05 


12.6 
13.65 

14.7 
15.75 

16.8 
17.85 

18.9 
19.95 




250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 


1N4114 
1N41 15 
1N4116 
1N4117 
1N4118 
1N4119 
1N4120 
1N4121 


s 
s 
s 
s 
s 
s 
s 
s 




2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












19 
20.9 
22.8 
23.75 
25.65 
26.6 
28.5 
31.35 


21 
23.1 
25.2 
26.25 
28.35 
29.4 
31.5 
34.65 




250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 


1N4122 
1N4123 
1N412U 
1N4125 
1N4126 
1N4127 
1N4128 
1N4129 


s 
s 
s 
s 
s 
s 
s 
s 




2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 
2-25 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 












34.2 
37.05 
40.85 
44.65 
48.45 

53.2 
57 

58.9 


37.8 
40.95 
45.15 
49.35 
53.55 

58.8 
63 

65.1 




250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 


1N4130 
1N4131 
1N4132 
1N4133 
1N4134 
1N4135 
1N4136 
1N4137 


s 
s 
s 
s 
s 
s 
s 
s 


MR1213SL 
MR1217SL 


2-25 
2-25 
2-25 
2-25 
2-25 

2- 25 

3- 35 
3-35 


ZD 

ZD 

ZD 

ZD 

ZD 

ZD 

R 

R 


200 
400 


1.6 
1.6 


70 
70 


16 
12 


750 
750 


64.6 
71.25 

77.9 
82.65 
86.45 
95 


71.4 
78.75 

86.1 
91.35 
95.55 
105 




250M 
250M 
250M 
250M 
250M 
250M 


1N4138 
1N4139 
1N4140 
1N4141 
1N4142 
1N4143 
1N4144 
1N4 145 


s 
s 
s 
s 
s 
s 
s 
s 


MR1219SL 

1N4719 

1N4720 

1N4721 

1N4722 

1N4723 

1N4724 

1N4725 


3-35 
3-24 
3-24 
3-24 
3-24 
3-24 
3-24 
3-24 


R 
R 
R 
R 
R 
R 
R 
R 


600 
50 
100 
200 
400 
600 
800 
1000 


1.6 


70 

3 
3 
3 
3 
3 
3 
3 


8 
.1 
.1 
.1 
.1 
.1 
.1 
.1 


750 
300 
300 
300 
300 
300 
300 
300 










1N4146 
1N4147 
1N4148 
1N4149 
1N4150 
1N4151 
1N4152 
1N4153 


s 
s 
s 
s 
s 
s 
s 
s 






R 

CS 
HS 
HS 
CS 
CS 
HS 
HS 


1200 
30 
75 
75 
50 
50 
30 
50 


• 88 
.88 


3 

ilili 
!i;b* 
Bill 

ifii 

Iliil 

ifill 


^>x 

sipl'ii 

fill: 

25N 
.1* 

50N 
50N 
50N 


300 
10 
4 
4 
6 
2 
2 
2 










1N4154 

1N4155 

1N4156 

1N4157 

1N4158 

1N4158A 

1N4158B 

1N4159 


s 
s 
s 
s 
s 
s 
s 
s 


1N4736 
1N4736A 


2-28 
2-28 


CS 
MS 
CS 
CS 
ZD 
ZD 
ZD 
ZD 


25 
400 
20 
20 


1.84 
2.66 


3 CM 
10CM 
-1A 
• 1A 


.1* 

SON 
50N 


4 
10 




6.8 
6.8 
6.8 
7.5 


20 
10 
5 
20 


1W 
1W 
1W 
1H 



R— Rectifier, RD- Reference Diode, ZD- Zener Diode, GP- General Purpose, HC— High Conductance (^20mA@^ IV), HS— High Speed Switch (Max t fP < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-76 



Numerical Index 



1N4159A— 1N4180A 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


— ; 

EE 


REPLACE- 


PAGE 


o 


Vr 
(volts) 


V F 
(volts) 


'o 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz(min) 


Vz (nom) 
V z (max) 


Tol 

V z % 


Pd 


►— 
■* 

£ 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 










UlI 

ca 


PRV 
(volts) 


V F <£ 
(volts) 


& If 


'R 


trr 
(/AS) 


TC 

%/°c 




T(min) 
°C 


T(max) 
°C 


1N4159A 

1N4159B 

1N4160 

1N4 160A 

1N4160B 

1N4161 

1N4161A 

1N4161B 


s 
s 
s 
s 
s 
s 
s 
s 


1N4737 
1N4737A 

1N4 738 
1N4738A 

1N4739 
1N4739A 


2-28 
2-28 

2-28 
2-28 

2-28 
?-?« 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 

zo 

ZD 














7.5 
7.5 
8.2 
8.2 
8.2 
9.1 
9.1 
9.1 


10 
5 
20 
10 
5 
20 
10 
5 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1W 


1N4162 

1N4162A 

1N4162B 

1N4 163 

1N4163A 

1N4163B 

1N4164 

1N4164A 


s 
s 
s 
s 
s 
s 
s 
s 


1N4740 
1N4740A 

1N4741 
1N4741A 

1N474? 


2-28 
2-28 

2-28 
2-28 

?-?fl 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














10 
10 
10 

11 
11 
11 

12 
12 


20 
10 

5 
20 
10 

5 
20 
10 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1W 


1N4164B 

1N4165 

1N4165A 

1N4165B 

1N4166 

1N4166A 

1N4166B 

1N4167 


s 
s 
s 
s 
s 
s 
s 
s 


1N4742A 

1N4743 
1N4743A 

1N4744 
1N4744A 


2-28 

2-28 
2-28 

2-28 
2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














12 
13 
13 
13 
15 
15 
15 
16 


5 
20 
10 

5 
20 
10 

5 
20 


1w 

1W 
1W 
lw 
1W 
1W 
1W 
1W 


1N4167A 

1N4167B 

1N4168 

1N4 168A 

1N4168B 

1N4169 

1N4169A 

1N4169B 


s 
s 
s 
s 
s 
s 
s 
s 


1N4745 
1N4745A 

1N4746 
1N4746A 

1N4747 
1N4747A 


2-28 
2-28 

2-28 

2^28 

2-28 
2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














16 
16 
18 
18 
18 
20 
20 
20 


10 

5 
20 
10 

5 
20 
10 

5 


1W 
1W 
1W 
1H 
1W 
1W 
1W 
1W 


1N4170 

1N4170A 

1N4170B 

1N4171 

1N4171A 

1N4171B 

1N4172 

1N4172A 


s 
s 
s 
s 
s 
s 
s 
s 


1N4748 
1N4748A 

1N4749 
1N4749A 

1N4750 


2-28 
2-28 

2-28 
2-28 

2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZO 














22 
22 
22 
24 
24 
24 
27 
27 


20 
10 

5 
20 
10 

5 
20 
10 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1W 


1N4172B 

1N4173 

1N4173A 

1N4 173B 

1N4174 

1N4174A 

1N4174B 

1N4175 


s 
s 
s 
s 
s 
s 
s 
s 


1N4750A 

1N4751 
1N4751A 

1N4752 
1N4752A 


2-28 

2-28 
2-28 

2-28 
2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














27 
30 
30 
30 
33 
33 
33 
36 


5 
20 
10 

5 
20 
10 

5 
20 


1W 
1W 
1W 
IN 
1W 
1W 
1W 
1W 


1N4175A 

1N4175B 

1N4176 

1N4176A 

1N4176B 

1N4177 

1N4177A 

1N4177B 


s 
s 
s 
s 
s 
s 
s 
s 


1N4753 
1N4753A 

1N4754 
1N4754A 

1N4755 
1N4755A 


2-28 
2-28 

2-28 
2-28 

2-28 
2-28 


ZO 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














36 
36 
39 
39 
39 
43 
43 
43 


10 

5 
20 
10 

5 
20 
10 

5 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1W 


1N4H8 

1N4178A 

1N4178B 

1N4179 

1N4179A 

1N41798 

1N4180 

1N4180A 


s 
s 
s 
s 
s 
s 
s 
s 


1N4756 
1N4756A 

1N4757 
1N4757A 

1N4758 


2-28 
2S28 

2-28 
2-28 

2-28 


ZO 
ZO 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














4? 
47 
47 
51 
51 
51 
56 
56 


20 
10 

5 
20 
10 

5 
20 
10 


1W 
1W 
1W 
1W 
1 w 
1W 
1W 
1W 



R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP-General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3 /js), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-77 



Numerical Index 



1N4180B— 1N4201B 













RECTIFIERS 


ZENER DIODES 


TYPE 




REPLACE- 


PAGE 


o 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


V z (min) 


Vz (nom) 
V z (max) 


Tol 
V Z % 


Pd 


UJ 

3E 


MENT 


NUMBER 


it 

1— 

se 


SIGNAL DIODES 


REFERENCE DIODES 










UJ 

a 


PRV 
(volts) 


(volts) 


!> If 




trr 
(MS) 


TC 

%/*c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N418CB 

1N4181 

1N4181A 

1NU181B 

11^182 

1N|i*182A 

1N4182B 

1N4183 


s 
s 
s 
s 
s 
s 
s 
s 


1N4758A 

1N4759 
1N4759A 

1N4760 
1N4760A 


2-28 

2-28 
2-28 

2-28 
2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














56 
62 
62 
62 
68 
68 
68 
75 


5 
20 
10 

5 
20 
10 

5 
20 


1W 
IN 
IN 
1W 
1W 
1W 
1W 
IN 


1N4183A 

1NM83B 

INMIStJ 

1N4184A 

1N418MB 

1N14185 

1NM85A 

1N4185B 


s 
s 
s 
s 
s 
s 
s 
s 


1N4761 
1N4761A 

1N4762 
1N4762A 

1N4763 
1N4763A 


2-28 
2-28 

2-28 
2-28 

2-28 
2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














75 
75 
82 
82 
82 
91 
91 
91 


10 

5 
20 
10 

5 
20 
10 

5 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1W 


1N4186 

1N4186A 

1N4186B 

1NH187 

1N4187A 

1N4187B 

1N4188 

1N4188A 


s 
s 
s 
s 
s 
s 
s 
s 


1N4764 
1N4764A 


2-28 
2-28 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














100 
100 
100 
110 
110 
110 
120 
120 


20 
10 

5 
20 
10 

5 
20 
10 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1W 


1N4188B 

1N4189 

1N4189A 

1NU189B 

1NM90 

1N4190A 

1N4190B 

1N4191 


s 
s 
s 
s 
s 
s 
s 
s 






ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














120 
130 
130 
130 
150 
150 
150 
160 


5 
20 
10 

5 
20 
10 

5 
20 


1W 
1W 
1W 
1W 
1W 
1W 
1W 

IN 


1Ni4l91A 
19 IB 
1N4192 
1N4192A 
1N4192B 
1N4193 
1N4193A 
1N1+193B 


s 
s 
s 
s 
s 
s 
s 
s 






ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














160 
160 
180 
18C 
180 
200 
200 
200 


10 
5 
20 
10 
5 
20 
10 
5 


1W 
1W 
1W 
1W 
1W 
1W 
1W 
1H 


1N4194 

1NH194A 

1N419**B 

1N4195 

1NH195A 

1N4195B 

1N4196 

1N4196A 


s 
s 
s 
s 
s 
s 
s 
s 


1N2970 

1N2970A 

1N2970B 

1N2971 

1N2971A 

1N2971B 

1N2972 

1N2972A 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














6.8 
6.8 
6.8 
7.5 
7.5 
7.5 
8.2 
8.2 


20 
10 

5 
20 
10 

5 
20 
10 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N4196B 

WH 197 

1N4197A 

1NU197B 

1N4198 

1N14198A 

1N4198B 

1NM99 


s 
s 
s 
s 
s 
s 
s 
s 


1N2972B 

1N2973 

1N2973A 

1N2973B 

1N2974 

1N2974A 

1N2974B 

1N2975 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














8.2 
9.1 
9.1 
9.1 

10 
10 
10 
1 1 


5 
20 
10 

5 
20 
10 

5 
20 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
1 ow 


1N4199A 

1NU199B 

1N4200 

1N4200A 

INU200B 

1NH201 

1N4201A 

1N4201B 


$ 
s 
s 
s 
s 
s 
s 
s 


1N2975A 

1N2975B 

1N2976 

1N2976A 

1N2976B 

1N2977 

1N2977A 

1N2977B 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18'' 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














11 
11 

12 
12 
12 
13 
13 
13 


10 
5 
20 
10 
5 
20 
10 
5 


low 

10W 

low 

10W 
10W 

low 
low 

10W 



R— Rectifier, RD— Reference Diode, ZD-Zener Diode, GP-General Purpose, HC -High Conductance 20 mA@ ^ 1 V), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA -Parametric Amplifier, SP- Special Purpose. 



1-78 



- Numerical Index - 



1N4202 — 1N4223 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr Vf lo Ir Isurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 











cj 


PRV 
(volts) 


V F € 
(volts) 


§ 'f 


>r 


trr 

(/xS) 


TC 

%/°c 


Vz 


T(min) 
4 C 


T(max) 
°C 


1N4202 


S 


1N2978 


2-18 


ZD 














14 


20 


10W 


1NU202A 


S 


1N2978A 


2-18 


ZD 














14 


10 


10W 


1N4202B 


s 


1N2978B 


2-18 


ZD 














14 


5 


10W 


1N4203 


s 


1N2979 


2-18 


ZD 














15 


20 


10W 


1N4203A 
1N4203B 


s 
s 


1N2979A 
1N2979B 


2-18 
2-18 


ZD 
ZD 














15 
15 


10 

5 


10W 
10W 


1N4204 


s 


1N2980 


2-18 


ZD 














16 


20 


10W 


1N4204A 


s 


1N2980A 


2-18 


ZD 














16 


10 


10W 


1N4204B 


s 


1N2980B 


2-18 


ZD 














16 


5 


10W 


1N4205 


s 


1N2981 


2-18 


ZD 














17 


20 


low 


1N4205A 


s 


1N2981A 


2-18 


ZD 














17 


10 


10W 


1N4205B 


s 


1N2981B 


2-18 


ZD 














17 


5 


10W 


1N4206 


s 


1N2982 


2-18 


ZD 














18 


20 


10W 


1N4206A 


s 


1N2982A 


2-18 


ZD 














18 


10 


10W 


1N4206B 


s 


1N2982B 


2-18 


ZD 














18 


5 


10W 


1N4207 


s 


1N2983 


2-18 


ZD 














19 


20 


10W 


1N4207A 


$ 


1N2983A 


2-18 


ZD 














19 


10 


10W 


1N4207B 


s 


1N2983B 


2-18 


ZD 














19 


5 


10W 


1N4208 


s 


1N2984 


2-18 


ZD 














20 


20 


10W 


1N4208A 


s 


1N2984A 


2-18 


ZD 














20 


10 


10W 


1N4208B 


s 


1N2984B. 


2-18 


ZD 














20 


5 


10W 


1N4209 


s 


1N2985 


2-18 


ZO 














22 


20 


10W 


1N4209A 


s 


1N2985A 


2-18 


ZD 














22 


10 


10W 


1N4209B 


s 


1N2985B 


2-18 


ZD 














22 


5 


10W 


1N421Q 


s 


1N2986 


2-18 


ZD 














24 


20 


10W 


1N4210A 


s 


1N2986A 


2-18 


ZD 














24 


10 


10W 


1N421QB 


s 


1N2986B 


2-18 


ZD 














24 


5 


10W 


1N4211 


s 


1N2987 


2-18 


ZD 














25 


20 


10W 


1N4211A 


s 


1N2987A 


2-18 


ZD 














25 


10 


10W 


1N421 IB 


s 


1N2987B 


2-18 


ZD 














25 


5 


10W 


1N4212 


s 


1N2988 


2-18 


ZD 














27 


20 


10W 


1N4212A 


s 


1N2988A 


2-18 


ZD 














27 


10 


10W 


1N42128 


s 


1N2988B 


2-18 


ZD 














27 


5 


10W 


1N4213 


s 


1N2989 


2-18 


ZD 














30 


20 


10W 


1N4213A 


s 


1N2989A 


2-18 


ZD 














30 


10 


10W 


1N4213B 


s 


1N2989B 


2-18 


ZD 














30 


5 


10W 


1N4214 


s 


1N2990 


2-18 


ZD 














33 


20 


10W 


1N4214A 


s 


1N2990A 


2-18 


ZD 














33 


10 


10W 


1N42148 


s 


1N2990B 


2-18 


ZD 














33 


5 


10W 


1N4215 


s 


1N2991 


2-18 


ZD 














36 


20 


10W 


1N4215A 


s 


1N2991A 


2-18 


ZD 














36 


10 


10W 


1N4215B 


s 


1N2991B 


2-18 


ZD 














36 


5 


10W 


1N4216 


s 


1N2992 


2-18 


ZD 














39 


20 


10W 


1N4216A 


s 


1N2992A 


2-18 


ZD 














39 


10 


10W 


1N4216B 


s 


1N2992B 


2-18 


ZD 














39 


5 


10W 


1N4217 


s 


1N2993 


2-18 


ZD 














43 


20 


10W 


1N4217A 


s 


1N2993A 


2-18 


ZD 














43 


10 


10W 


1N4217B 


s 


1N2993B 


2-18 


ZD 














43 


5 


10W 


1N4218 


s 


1N2994 


2-18 


ZD 














45 


20 


10W 


1N4218A 


s 


1N2994A 


2-18 


ZD 














45 


10 


10W 


1N4218B 


s 


1N2994B 


2-18 


ZD 














45 


5 


10W 


1N4219 


s 


1N2995 


2-18 


ZD 














47 


20 


10W 


1N4219A 


s 


1N2995A 


2-18 


ZD 














47 


10 


10W 


1N4219B 


s 


1N2995B 


2-18 


ZD 














47 


5 


10W 


1N4220 


s 


1N2996 


2-18 


ZD 














50 


20 


10W 


1N4220A 


s 


1N2996A 


2-18 


ZD 














50 


10 


10W 


1N4220B 


$ 


1N2996B 


2-18 


ZD 














50 


5 


10W 


1N4221 


s 


1N2997 


2-18 


ZD 














51 


20 


10W 


1N4221A 


s 


1N2997A 


2-18 


ZD 














51 


10 


10W 


1N4221B 


s 


1N2997B 


2-18 


ZD 














51 


5 


10W 


1N4222 


s 


1N2998 


2-18 


ZD 














52 


20 


10W 


1N4222A 


s 


1N2998A 


2-18 


ZD 














52 


10 


10W 


1N4222B 


s 


1N2998B 


2-18 


ZD 














52 


5 


10W 


1N1»223 


s 


1N2999 


2-18 


ZD 














56 


20 


10W 



ZENER DIODES 



» , - v V z (nom) Tol D 
Vz(m.n) Vz(max) Vz% P D 



REFERENCE DIODES 



R— Rectifier, RD- Reference Diode, ZD-Zener Diode, GP-General Purpose, HC— High Conductance (^20mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-79 



- Numerical Index - 



1N4223A— 1N4253 













RECTIFIERS 


ZENER DIODES 










o 


Vr 


V F 


lo 


Ir 


1 surge 




V z (nom) 


Tol 








REPLACE- 


PACT 
rAbt 


«s 

u 


(volts) 


(volts) 


(Amps) 


(mA) 


(Amps) 


Vz(min) 


Vz(max) 


V z % 


Pd 


TYPE 


uu 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 










o 


PRV 


li'Vlii 


S If 


Ir 


trr 


TC 




T(min) 


T(max) 












(volts) 


(volts) 




(JU,S) 


%/°C 


Vz 


°C 


*C 


1N4223A 


S 


1N2999A 


2-18 


ZD 














56 


10 


10W 


1N4223B 


s 


1N2999B 


2-18 


ZD 














56 


5 


10W 


1N4224 


s 


1N3000 


2-18 


ZD 














62 


20 


10W 


1N4224A 


s 


1N3000A 


2-18 


ZD 














62 


10 


10W 


1N4224B 


s 


1N3000B 


2-18 


ZD 














62 


5 


10W 


1N4225 


s 


1N3001 


2-18 


ZD 














68 


20 


10W 


1N4225A 


s 


1N3001A 


2-18 


ZD 














68 


10 


10W 


1N4225B 


s 


1N3001B 


2-18 


ZD 














68 


5 


10W 


1N4226 


s 


1N3002 


2-18 


ZD 














75 


20 


10W 


1N4226A 


s 


1N3002A 


2-18 


ZD 














75 


10 


10W 


1N4226B 


s 


1N3002B 


2-18 


ZD 














75 


5 


10W 


1N4227 


s 


1N3003 


2-18 


ZD 














82 


20 


10W 


1N4227A 


s 


1N3003A 


2-18 


ZD 














82 


10 


10W 


1N4227B 


s 


1N3003B 


2-18 


ZD 














82 


5 


10W 


1N4228 


s 


1N3004 


2-18 


ZD 














91 


20 


10W 


1N4228A 


s 


1N3004A 


2-18 


ZD 














9 1 


10 


10W 


1N4228B 


J> 


1N3004B 


2-18 


ZD 














91 


5 


10W 


1N4229 


s 


1N3005 


2-18 


ZD 














100 


20 


10W 


1N4229A 


s 


1N3005A 


2018 


ZD 














100 


10 


10W 


1N4229B 


s 


1N3005B 


2-18 


ZD 














100 


5 


10W 


1N4230 


s 


1N3U06 


2-18 


ZD 














105 


20 


10W 


1N4230A 


s 


1N3006A 


2-18 


ZD 














105 


10 


10W 


1N4230B 


s 


1N3006B 


2-18 


ZD 














105 


5 


10W 


1N4231 


s 


1N3007 


2-18 


ZD 














1 10 


20 


low 


1N4231A 


s 


INJUU/A 


Z-1S 


ZD 














110 


10 


10W 


1N42318 


s 


1N3007B 


2-18 


ZD 














110 


5 


10W 


1N4232 


s 


1N3008 


2-18 


ZD 














120 


20 


10W 


1N4232A 


s 


1N3008A 


2-18 


ZD 














120 


10 


10W 


1N4232B 


s 


1N3008B 


2-18 


ZD 














120 


5 


10W 


1N4233 


s 


1N3009 


2-18 


ZD 














130 


20 


10W 


1N4233A 


s 


1N3009A 


2-18 


ZD 














130 


10 


10W 


1N4233B 


s 


1N3009B 


2-18 


ZD 














130 


5 


10W 


1N4234 


s 


1N3010 


2-18 


ZD 














140 


20 


10W 


1N4234A 


s 


1N3010A 


2-18 


ZD 














140 


10 


10W 


1N4234B 


s 


1N3010B 


2-18 


ZD 














140 


5 


10W 


1N4235 


s 


1N3011 


2-18 


ZD 














150 


20 


10W 


1N4235A 


s 


1N3011A 


2-18 


ZD 














150 


10 


10W 


1N42358 


s 


1N3011B 


2-18 


ZD 














150 


5 


10W 


1N4236 


s 


1N3012 


2-18 


ZD 














160 


20 


10W 


1N4236A 


s 


1N3012A 


2-18 


ZD 














160 


10 


10W 


1N4236B 


$ 


1N3012B 


Z-18 


ZD 














160 


5 


1UW 


1N4237 


s 


1N3013 


2-18 


ZD 














175 


20 


10W 


1N4237A 


s 


1N3013A 


2-18 


ZD 














175 


10 


10W 


1N4237B 


s 


1N3013B 


2-18 


ZD 














175 


5 


10W 


1N4238 


s 


1N3014 


2-18 


ZD 














180 


20 


10W 


1N4238A 


s 


1N3014A 


2-18 


ZD 














180 


10 


10W 


1N4238B 


s 


1N3014B 


2-18 


ZD 














180 


5 


10W 


1N4239 


s 


1N3015 


2-18 


ZD 














200 


20 


10W 


1N4239A 


s 




Z-ltf 


ZD 














200 


10 


10W 


1N4239B 


s 


1N3015B 


2-18 


ZD 














200 


5 


10W 


1N4240 


s 






ZD 












4.9 


5. 1 




10W 


1N4241 


s 






ZD 












5.9 


6.1 




10W 


1N4242 


s 






HS 


40 


1 


10H 


-IN 


2 










1N4243 


s 






HS 


40 


1 


10M 


• IN 


2 










1N4244 


s 






HS 


10 


1 


20M 


.1* 


.75 










1N4245 


s 


1N4003 


3-23 


R 


200 


1.64 




.05 


25 










IKI4246 


s 


1N4UU4 


3-23 


K 


4UU 






.us 












1N4247 


s 


11^4005 


3-23 


R 


600 


1.64 




.05 


25 










1N4248 


s 


1N4006 


3-23 


R 


800 


1.64 




.05 


25 










1N4249 


s 


1N4007 


3-23 


R 


1000 


1.64 




.05 


25 










1N4250 


s 


1N4006 


3-23 


R 


800 




.5 


.05 


10 










1N4251 


s 


1N4007 


3-23 


R 


1000 




.5 


.05 


10 










1N4252 


s 






R 


1200 




.5 


.05 


10 










1N4253 


s 






R 


1500 




.5 


.05 


10 











RD-Reference Diode, ZD— Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-80 



- Numerical Index - 



1N4254— 1N4277B 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


_i 
«« 

cc 


REPLACE- 


PAGE 


ICATIO 


Vr 
(volts) 


V F 
(volts) 


'o 
(Amps) 


"I 


1 surge 
(Amps) 


Vz (min) 


Vz (nom) 
Vz(max) 


Tol 

v z % 


Pd 


LU 

t— 

«t 
2E 


MENT 


NIIMRPR 




SIGNAL DIODES 


REFERENCE DIODES 












PRV 

(volts) 


V F <£ 
(volts) 


3 If 


Ir 


trr 
(^-S) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N4254 


s 








1500 


4.8 


.25 


.05 


6.25 










1N4255 


s 






R 


2000 


4.8 


.25 


.05 


6.25 










1N4256 


s 






R 


2500 


4.8 


.25 


.05 


6.25 










1N4257 


s 








3000 


4.8 


.25 


.05 


6.25 










1N4258 


s 


1N2970 


2-18 


7 n 

LU 














6.8 


20 


10W 


1N4258A 


s 


1N2970A 


2-18 


ZD 














6.8 


10 


10W 


1N4258B 


s 


1N2970B 


2-18 


ZD 














6.8 


5 


10W 


1N4259 


s 


1N2971 


2-18 


ZD 














7.5 


20 


low 


1N4259A 


s 


1N2971A 


2-18 


ZD 














7.5 


10 


10W 


1N4259B 


s 


1N2971B 


2-18 


LU 














7.5 


5 


10W 


1N4260 


s 


1N2972 


2-18 


ZD 














8.2 


20 


10W 


1N4260A 


s 


1N2972A 


2-18 


ZD 














8.2 


10 


10W 


1N4260B 


s 


1N2972B 


2-18 


LU 














8.2 


5 


10W 


1N4261 


s 


1N2973 


2-18 


ZD 














9.1 


20 


10W 


1N4261A 


s 


1N2973A 


2-18 


ZD 














9.1 


10 


low 


1N4261B 


s 


1N2973B 


2-18 


ZD 














9. 1 


5 


10W 


1N4262 


s 


1N2974 


2-18 


ZD 














10 


20 


10W 


1N4262A 


s 


1N2974A 


2-18 


ZD 














10 


10 


10W 


1N4262B 


s 


1N2974B 


2-18 


ZD 










* 




10 


5 


10W 


1N4263 


s 


1N2975 


2-18 


7 n 

LU 














1 1 


20 


10W 


1N4263A 


s 


1N2975A 


2-18 


ZD 














11 


10 


10W 


1N4263B 


s 


1N2975B 


2-18 


ZD 














1 1 


5 


10W 


1N4264 


s 


1N2976 


2-18 


ZD 














12 


20 


10W 


1N4264A 


s 


1N2976A 


2-18 


7 n 

LU 














12 


10 


10W 


1N4264B 


s 


1N2976B 


2-18 


ZD 














12 


5 


10W 


1N4265 


s 


1N2977 


2-18 


7n 

LU 














13 


20 


low 


1N4265A 


s 


1N2977A 


2-18 


ZD 














13 


10 


10W 


1N4265B 


s 


1N2977B 


2-18 


ZD 














13 


5 


10W 


1N4266 


s 


1N2979 


2-18 


ZD 














15 


20 


10W 


1N4266A 


s 


1N2979A 


2-18 


7 n 

LU 














15 


10 


10W 


1N4266B 


s 


1N2979B 


2-18 


7 n 

LU 














15 


5 


10W 


1N4267 


s 


1N2980 


2-18 


7 n 

LU 














16 


20 


10W 


1N4267A 


s 


1N2980A 


2-18 


ZD 














16 


10 


10W 


1N4267B 


s 


1N2980B 


2-18 


ZD 














16 


5 


10W 


1N4268 


s 


1N2982 


2-18 


7 n 

LU 














18 


20 


10W 


1N4268A 


s 


1N2982A 


2-18 


ZD 














18 


10 


low 


1N4268B 


s 


1N2982B 


2-18 


ZD 














18 


5 


10W 


1N4269 


s 


1N2984 


2-18 


ZD 














20 


20 


10W 


1N4269A 


s 


1N2984A 


2-18 


ZD 














20 


10 


10W 


1N4269B 


s 


1N2984B 


2-18 


ZD 














20 


5 


10W 


1M4270 


s 


1N2985 


2-18 


ZD 














in 


20 


10W 


1N4270A 


s 


1N2985A 


2-18 


7n 

LU 














22 


10 


10W 


1N4270B 


s 


1N2985B 


2-18 


ZD 














22 


5 


10W 


1N4271 


s 


1N2986 


2-18 


ZD 














24 


20 


10W 


1N4271A 


s 


1N2986A 


2-18 


ZD 














24 


10 


10W 


1N4271B 


s 


1N2986B 


2-18 


ZD 














24 


5 


10W 


1N4272 


s 


1N2988 


2-18 


7n 

LU 














27 


20 


10W 


1N4272A 


s 


1N2988A 


2-18 


7 n 

LU 














27 


10 


10W 


1NU272B 


s 


1N2988B 


2-18 


ZD 














27 


5 


10W 


1N4273 


s 


1N2989 


2-18 


ZD 














30 


20 


10W 


1N4273A 


s 


1N2989A 


2-18 


ZD 














30 


10 


10W 


1N4273B 


s 


1N2989B 


2-18 


ZD 














30 


5 


10W 


1N4274 


s 


1N2990 


2-18 


ZD 














33 


20 


10W 


1N4274A 


s 


1N2990A 


2-18 


7 rs 

LV 














33 


10 


10W 


1N4274B 


s 


1N2990B 


2-18 


ZD 














33 


5 


low 


1N4275 


s 


1N2991 


2-18 


ZD 














36 


20 


low 


1N4275A 


s 


JLN2991A 


2-18 


ZD 














36 


10 


10W 


1N4275B 


s 


1N2991B 


2-18 


ZD 














36 


5 


low 


1N4276 


s 


1N2992 


2-18 


ZD 














39 


20 


10W 


1N4276A 


s 


1N2992A 


2-18 


ZD 














39 


10 


10W 






1N2992B 


2-18 


ZD 














39 


5 


10W 


1N4277 


s 


1N2993 


2-18 


ZD 














43 


20 


10W 


1N4277A 


s 


1N2993A 


2-18 


ZD 














43 


10 


10W 


1N4277B 


s 


1N2993B 


2-18 


ZD 














43 


5 


10W 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC— High Conductance (^20mA@^ IV), HS-High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-81 



Numerical Index 



1N4278— 1N4300B 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 




REPLACE- 


PAGE 


o 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (mln) 


V z (nom) 
V z (max) 


Tol 

v z % 


Pd 


LU 


MENT 


NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










LU 


PRV 
(volts) 


(volts) 


B If 


Ir 


trr 
(/*S) 


TC 

%/°c 


Vz 


T(min) 


T(max) 
°C 


1N4278 

1N4278A 

1N4278B 

1N4279 

1N4279A 

1N4279B 

1N4280 

1N4280A 


s 
s 
s 
s 
s 
s 
s 
s 


1N2995 

1N2995A 

1N2995B 

1N2997 

1N2997A 

1N2997B 

1N2999 

1N2999A 


2-18 
2-18 
2-18 
2-18 
2-.18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














47 
47 
47 
51 
51 
51 
56 
56 


20 
10 

5 
20 
10 

5 
20 
10 


10W 
10W 
10W 
10W 
10W 

low 

10W 
10W 


1N4280B 

1N4281 

1N4281A 

1N4281B 

1N4282 

1N4282A 

1N4282B 

1N4283 


s 
s 
s 
s 
s 
s 
s 
s 


1N2999B 

1N3000 

1N3000A 

1N3000B 

1N3001 

1N3001A 

1N3001B 

1N3002 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














56 
62 
62 
62 
68 
68 
68 
75 


5 
20 
10 

5 
20 
10 

5 
20 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N4283A 

1N4283B 

1N4284 

1N4284A 

1N4284B 

1N4285 

1N4285A 

1N4285B 


s 
s 
s 
s 
s 
s 
s 
s 


1N3002A 

1N3002B 

1N3003 

1N3003A 

1N3003B 

1N3004 

1N3004A 

1N3004B 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














75 
75 
82 
82 
82 
91 
91 
91 


10 
5 
20 
10 
5 
20 
10 
5 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N4286 

1N4286A 

1N4286B 

1N4287 

1N4287A 

1N4287B 

1N4288 

1N4288A 


s 
s 
s 
s 
s 
s 
s 
s 


1N3005 

1N3005A 

1N3005B 

1N3007 

1N3007A 

1N3007B 

1N3008 

1N3008A 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














100 
100 
100 
110 

no 

110 
120 
120 


20 
10 

5 
20 
10 

5 
20 
10 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N4288B 

1N4289 

1N4289A 

1N4289B 

1N4290 

1N4290A 

1N4290B 

1N4291 


s 
s 
s 
s 
s 
s 
s 
s 


1N3008B 

1N3009 

1N3009A 

1N3009B 

1N3011 

1N3011A 

1N3011B 

1N3012 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














120 
130 
130 
130 
150 
150 
150 
160 


5 
20 
10 

5 
20 
10 

5 
20 


10W 
10W 
10W 
10W 
10W 

low 

10W 
10W 


1N4291A 

1N4291B 

1N4292 

1N4292A 

1N4292B 

1N4293 

1N4293A 

1N4293B 


s 
s 
s 
s 
s 
s 
s 
s 


1N3012A 

1N3012B 

1N3014 

1N3014A 

1N3014B 

1N3015 

1N3015A 

1N3015B 


2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 
2-18 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














160 
160 
180 
180 
180 
200 
200 
200 


10 
5 
20 
10 
5 
20 
10 
5 


10W 
10W 
10W 
10W 
10W 
10W 
10W 
10W 


1N4295 

1N4295A 

1N4296 

1N4296A 

1N4297 

1N4297A 

1N4297B 

1N4298 


s 
s 
s 
s 
s 
s 
s 
s 


1N945B 
1N945B 
1N2624B 
1N2624B 


2-32 
2-32 
2-32 
2-32 


RD 
RD 
ZD 
ZD 
RD 
RD 
RD 
RD 












.012 
.012 

.01 
.01 
.01 
.005 


10 
10 
10 
10 
8.8 
8.8 
8.8 
8.8 


-55 
-55 
2 
1 
0 

-55 
-55 

o 


150 
150 
1W 
1W 
75 
100 
150 
75 


1N4298A 

1N4298B 

1N4299 

1N4299A 

1N4299B 

1N4300 

1N4300A 

1N4300B 


s 
s 
s 
s 

s 
s 
s 






RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 












.005 
.005 
.01 
.01 
.01 
.005 
.005 
.005 


8.8 
8.8 
11.3 
11.3 
11.3 
11.3 
11.3 
11.3 


-55 
-55 
0 

-55 
-55 
0 

-55 
-55 


100 
150 

75 
100 
150 

75 
100 
150 



R— Rectifier, RD- Reference Diode, ZD-Zener Diode, GP-General Purpose, HC-High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t rr < 0.3ms), 
CS- High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-82 



Numerical Index 



1N4301 — 1N4334A 











z 


RECTIFIERS 


ZENER DIODES 


TYPF 




REPLACE- 


PAGE 


o 

< 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


1 surge 
(Amps) 


Vz (min) 


Vz (nom) 
V z (max) 


Tol 

V z % 


Pd 




MENT 


NUMBER 




SIGNAL DIODES 


REFERENCE DIODES 










UJ 


PRV 

(volts) 


(volts) 


£ If 


Ir 


trr 
(/AS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1 N430 1 


s 






RD 












.0 1 


8.8 


o 


75 


1N430 1 A 

MlHJU 1 M 


s 






RD 












• 01 


8.8 


-55 


100 


1 NU^O 1 R 

1 JU ID 








RD 












• 01 


8.8 


-55 


1 50 


1N4302 


S 






RD 












.005 


8.8 


o 


75 




s 






RD 












• 005 


8.8 


-55 


100 


1 IHH J U C D 








RD 












.005 


8.8 


-55 


1 50 


1 N4303 


s 






RD 












.01 


11.3 


0 


75 


1 NA# 303A 


s 






RD 












.01 


11.3 


-55 


100 


1N43U3B 








RD 












.01 


11.3 


— 55 


ISO 


1N4304 


s 






RD 












.005 


11.3 


0 


75 


1 N4 304 A 


5 






RD 












.005 


11.3 


-55 


100 


1N4304B 


s 






RD 












.0C5 


11.3 


-55 


150 


1N43Q5 


s 






HS 


75 


.575 


.25M 


• 1* 


2 










1N4306 


s 






SP 


50 


1 


50M 


50N 


2 










1N4307 


s 






SP 


50 


1 


50M 


50N 


2 










1N4308 


s 






CS 


80 


1 


200M 


.1* 


2 










1N4309 








CS 


40 


I 


400M 


.1* 


2 










1N431Q 


s 






CS 


60 


1 


400M 


. 1* 


2 










1N43 1 1 


s 






CS 


80 


1 


300M 


• 1* 


2 










1N4312 


s 






CS 


120 


1 


200M 


. 1* 


2 










1 N43 1 3 


s 






CS 


80 


1 


100M 


.1* 


4 










1N43 14 


5 






c s 


80 




200M 


.1* 


2 










1N43 1 5 








CS 


40 


1 


400M 


.1* 


2 










1N4 3 1 6 


s 






CS 


60 


1 


40CM 


. 1« 


2 










1 N43 1 7 


s 






CS 


80 


1 


300M 


.1* 


2 










1 N43 1 8 








c s 


120 


1 


200M 


.1* 


2 










1N43 1 9 








c s 


80 


] 


100M 


.1* 


4 










1N4321 


s 


1N2996A 


2-18 


ZD 














50 


10 


3W 


1 N4322 


5 






c s 


50 


1 


„2A 


.1* 


6 










1 N4323 




I. IN JUIO 


2-19 


ZD 














6.8 


20 


1W 


1 N432 3A 




J. IN JUL Uri 


2-19 


ZD 














6.8 


10 


1W 


1N4323B 


s 


1.1N J \J i. OD 


2-19 


ZD 














6.8 


5 


1W 


1N4324 


s 


1N3017 


2-19 


ZD 














1 .5 


20 


IW 


1N4324A 


s 


iicnm 7A 


2-19 


ZD 














7.5 


10 


IW 


1N4324B 


5 


llN JU1 / Jj 


2-19 


ZD 














7.5 


5 


IW 


1N4325 


s 


1N3018 


2-19 


ZD 














8.2 


20 


1W 


1 Nil 3 9^ A 

1 IxH Jc JH 


s 


UN JUlOiV 


2-19 


ZD 














8.2 


10 


1W 


1 1 » *t J 4Z. JO 




11N JUl OU 


2—19 


ZD 














8.2 


5 


1W 


1 N4326 


$ 


1N3019 


2-19 


ZD 














9. 1 


20 


1W 


1N4326A 


s 


i w^m qa 


2-1 9 


ZD 














9. 1 


10 


IW 


1N4326B 


s 


1N3019B 


2-19 


ZD 














y. i 




IW 


1 N4327 


s 




9 1Q 


ZD 














10 


20 


1W 


1N4 ^97A 






2-19 


ZD 














10 


10 


1W 


1 N4327B 


s 


111 JUZ.UD 


2-19 


ZD 














1 0 


5 


1W 


1 N4328 

1 1 1 *T -J VJ M 


s 


1N3021 


9 1 Q 
9 1 Q 

z-i y 


ZD 
ZD 














1 1 
1 1 


20 
10 


1W 
1W 


1N4328B 


s 




9 1 Q 


ZD 














1 1 


5 


1M 


1 N4329 


s 


1N3022 


2-19 


ZD 














12 


20 


1W 


1 Nil 3PQA 






2-19 


ZD 














12 


10 


IW 


1 M U 1 0 Q ft 
1 IHH Jc 7D 




1 W*n99Tl 
11M j UZZd 


9 1 Q 

z-i y 


ZD 














12 


5 


1W 


1 N4330 




1N3023 


9 1 Q 

z-i y 


ZD 














13 


20 


1W 


1N4330A 


s 


1N3023A 


2-19 


ZD 














13 


10 


1W 


1 IN *+ w J v> C 




UN jUZ JD 


2-1 9 


ZD 














13 


5 


1W 


1N4331 


s 


-LIN JU^H 


2-19 


ZD 














15 


20 


1W 


1N4331A 


S 


1N3024A 


2-19 


ZD 














15 


10 


1W 


intJJ id 


s 


J. IN JUZtHJ 


9 i a 


ZD 














1 5 


5 


1W 


1N4332 




1N3025 


9 1 Q 


ZD 














16 


2U 


IW 


1N4332A 


s 


1 M**n9^A 


2—19 


ZD 














16 


10 


1W 


1 N4332B 
1N4333 


S 


1 M"*fl9 ^t! 
1JN JUZDrS 

1N3026 


9 1 Q 

2-19 


ZD 
ZD 














16 
18 


5 
20 


IW 
1 w 


1N4333A 


S 


1N3026A 


2-19 


ZD 














18 


10 


1W 


1N4333B 


S 


1N3026B 


2-19 


ZD 














18 


5 


1 w 


1N4334 


S 


1N3027 


2-19 


ZD 














20 


20 


IW 


1N4334A 


S 


1N3027A 


2-19 


ZD 














20 


10 


1 w 



R— Rectifier, RD— Reference Diode, ZD-Zener Diode, GP- General Purpose, HC- High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-83 



- Numerical Index - 



1N4334B— 1N4355B 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 




REPLACE- 


PAGE 


o 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


Isurge 
(Amps) 


Vz (min) 


Vz(nom) 
Vz(max) 


Tol 

V z % 


Pd 


LU 

«t 

3E 


MENT 


NUMBER 


Z 


SIGNAL DIODES 


REFERENCE DIODES 










a 


(volts) 


m:mm 

(volts) 


i> If 




trr 
(MS) 


TC 

%/°c 


Vz 


T(min) 
°C 


T(max) 
°C 


1N4334B 


S 


1N3027B 


2-19 


ZD 














20 


5 


IN 


1N4335 
1N4335A 


s 
s 


1N3028 
1N3028A 


2-19 
2-19 


ZD 
ZD 














22 
22 


20 
10 


1W 
IN 


1N4335B 


s 


1N3028B 


2-19 


ZD 














22 


5 


IN 


1N4336 


s 


1N3029 


2-19 


ZD 














24 


20 


IN 


1N4336A 


s 


1N3029A 


2-19 


ZD 














24 


10 


IN 


1N4336B 


s 


1N3029B 


2-19 


ZD 














24 


5 


IN 


1N4337 


s 


1N3030 


2-19 


ZD 














27 


20 


IN 


1N4337A 


s 


IN 3 03 OA 


2-19 


ZD 














27 


10 


1W 


1N4337B 


s 


1N3030B 


2-19 


ZD 














27 


5 


1N 


1N4338 


s 


1N3031 


2-19 


ZD 














30 


20 


1W 


1N4338A 


s 


1N3031A 


2-19 


ZD 














30 


10 


1W 


1N4338B 


s 


1N3031B 


2-19 


ZD 














30 


5 


1W 


1N4339 


s 


1N3032 


2-19 


ZD 














33 


20 


IN 


1N4339A 


s 


1N3032A 


2-19 


ZD 














33 


10 


IN 


1N4339B 


s 


1N3032B 


2-19 


ZD 














33 


5 


IN 


1N4340 


s 


1N3033 


2-19 


ZD 














36 


20 


IN 


1N4340A 


s 


1N3033A 


2-19 


ZD 














36 


10 


1W 


1N4340B 


s 


1N3033B 


2-19 


ZD 














36 


5 


IN 


1N4341 

1N4341A 

1N4341B 

1N4342 

1N4342A 


s 
s 
s 
s 
s 


1N3034 

1N3034A 

1N3034B 

1N3035 

1N3035A 


2-19 
2-19 
2-19 
2-19 
2-19 


ZD 
ZD 
ZD 
ZD 
ZD 














39 
39 
39 
43 
43 


20 
10 
5 
20 
10 


IN 
IN 
IN 
IN 
IN 


1N4342B 

1N4343 

1N4343A 

1N4343B 

1N4344 

1N4344A 

1N4344B 


s 
s 
s 
s 
s 
s 
s 


1N3035B 

1N3036 

1N3036A 

1N3036B 

1N3037 

1N3037A 

1N3037B 


2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 


ZD 
ZD 
ZD 
ZD 
ZD 
ZD 
ZD 














43 
47 
47 
47 
51 
51 
51 


5 
20 
10 

5 
20 
10 

5 


IN 
IN 
IN 
IN 
IN 
IN 
IN 


1N4345 


s 


1N3038 


2-19 


ZD 














56 


20 


IN 


1N4345A 


s 


1N3038A 


2-19 


ZD 














56 


10 


IN 


1N4345B 

1N4346 

1N4346A 


s 
s 
s 


1N3038B 

1N3039 

1N3039A 


2-19 
2-19 
2-19 


ZD 
ZD 
ZD 














56 
62 
62 


5 
20 
10 


IN 
IN 
IN 


1N4346B 

1N4347 

1N4347A 


s 
s 
s 


1N3039B 

1N3040 

1N3040A 


2-19 
2-19 
2-19 


ZD 
ZD 
ZD 














62 
68 
68 


5 
20 
10 


IN 
IN 
IN 


1N4347B 


s 


1N3040B 


2-19 


ZD 














68 


5 


IN 


1N4348 

1N4348A 

1N4348B 


s 
s 
s 


1N3041 

1N3041A 

1N3041B 


2-19 
2-19 
2-19 


ZD 
ZD 
ZD 














75 
75 
75 


20 
10 
5 


IN 
IN 
IN 


1N4349 


s 


1N3042 


2-19 


ZD 














82 


20 


IN 


1N4349A 


s 


1N3042A 


2-19 


ZD 














82 


10 


1W 


1N4349B 


s 


1N3042B 


2-19 


ZD 














82 


5 


IN 


1N4350 


s 


1N3043 


2-19 


ZD 














91 


20 


IN 


1N4350A 


s 


1N3043A 


2-19 


ZD 














91 


10 


IN 


1N4350B 

1N4351 

1N4351A 


s 
s 
s 


1N3043B 

1N3044 

1N3044A 


2-19 
2-19 
2-19 


ZD 
ZD 
ZD 














91 
100 
100 


5 
20 
10 


IN 
IN 
IN 


1N4351B 


s 


1N3044B 


2-19 


ZD 














100 


5 


IN 


1N4352 
1N4352A 


s 
s 


1N3045 
1N3045A 


2-19 
2-19 


ZD 
ZD 














no 
no 


20 
10 


IN 
IN 


1N4352B 


s 


1N3045B 


2-19 


ZD 














110 


5 


IN 


1N4353 


s 


1N3046 


2-19 


ZD 














120 


20 


1 N 


1N4353A 


s 


1N3046A 


2-19 


ZD 














120 


10 


IN 


1N4353B 


s 


1N3046B 


2-19 


ZD 














120 


5 


1W 


1N4354 
1N4354A 


s 
s 


1N3047 
1N3047A 


2-19 
2-19 ■ 


ZD 
ZD 














130 
130 


20 
10 


IN 
IN 


1 Kill ICIiO 


s 


J.JN JUh/d 


O 1 Q 


ZD 














130 


5 


IN 


1N4355 


s 


1N3048 


2-19 


ZD 














150 


20 


IN 


1N4355A 


s 


1N3048A 


2-19 


ZD 














150 


10 


IN 


1N4355B 


s 


1N3048B 


2-19 


ZD 














150 


5 


IN 



RD- Reference Diode, ZD- Zener Diode, GP- General Purpose, HC— High Conductance (^20mA@^ IV), HS -High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-84 



- Numerical Index - 



1N4356— 1N4419 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTI FrERS 



Vr V F lo Ir Isurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 













PRV 


V F € 






trr 


TC 




T(min) 


T(max) 












(volts) 


(volts) 






(/AS) 


%/°c 


V z 


°C 


°C 


1N4356 


S 


1N3049 


2-19 


ZD 














160 


20 


1W 


IN4356A 


S 


1N3049A 


2-19 


ZD 














160 


10 


1W 


IN4356B 


S 


1N3049B 


2-19 


ZD 














160 


5 


1W 


1N4357 


S 


1N3050 


2-19 


ZD 














180 


20 


1W 


1N4357A 


S 


1N3050A 


2-19 


ZD 














180 


10 


1W 


1N4357B 


S 


1N3050B 


2-19 


ZD 














180 


5 


1W 


1N4358 


S 


1N3051 


2-19 


ZD 














200 


20 


1W 


1N4358A 


S 


1N3051A 


2-19 


ZD 














200 


10 


1W 


1N4358B 


s 


1N3051B 


2-19 


ZD 














200 


5 


1W 


1N4359 


s 






SP 


200 


















1N4360 


s 


1N4370A 


2-10 


ZD 












2.28 


2.52 




.25W 


1N4361 


s 


1N4007 


3-23 


R 


900 


1.3 


.5 


.5 


20 










1N4362 


s 






GP 


100 


.9 


.1A 


ION 












1N4363 


s 






CS 


120 


1 


.2A 


.1* 


40 










1N4364 


s 


1N4002 


3-23 


R 


100 


1.5 


.75 


• 1 


20 










1N4365 


s 


1N4003 


3-23 


R 


200 


1.5 


.75 


. 1 


20 










1N4366 


s 


1N4004 


3-23 


R 


300 


1.5 


.75 


. 1 


20 










1N4367 


s 


1N4004 


3-23 


R 


400 


1.5 


.75 


. 1 


20 










1N4368 


s 


1N4005 


3-23 


R 


500 


1.5 


.75 


. 1 


20 










1N4369 


s 


1N4005 


3-23 


R 


600 


1.5 


.75 


• 1 


20 










1N4370 


s 




2-10 


ZD 














2.4 


10 


.4W 


1N4370A 


s 




2-10 


ZD 














2.4 


5 


.4H 


1N4371 


s 




2-10 


ZD 














2.7 


10 


• 4W 


1N4371A 


s 




2-10 


ZD 














2.7 


5 


• 4W 


1N4372 


s 




2-10 


ZD 














3.U 


10 


• 4W 


1N4372A 


s 




2-10 


ZD 














3.0 


5 


.4W 


1N4373 


s 






HS 


80 


1 


10M 


5* 


4 










1N4374 


s 






R 


1500 


1.75 


.75 


. 1 


15 










1N4375 


s 






HS 


50 


1 


20M 


ION 


6 










1N4376 


s 






CS 


10 


1.1 


50H 


.1* 


.75 










1N4377 


s 






R 


25K 


30 


.75 


.1 


50 










1N4380 


s 






CS 


50 


1.4 


570M 


SON 


1.8 










1N4381 


G 






HS 


25 


.35 


2M 


.1H 


.1 










1N4382 


s 






CS 


55 


1 


.3A 


.1* 


6.5 










1N4383 


s 


1N4003 


3-23 


R 


200 


1.3 


1 


.275 


50 










1N4384 


s 


1N4004 


3-23 


R 


400 


1.3 


1 


.25 


50 










1N4385 


s 


1N4005 


3-23 


R 


600 


1.3 


1 


.225 


50 










1N4386 
1N4387 


Va 


rsctoir Di 


)dss , see 


tabic 


on p £ 


ge 1-^ 


9 














1N4389 


s 






SP 


5 


1 


2M 


.1M 












1N4390 


s 






SP 


20 


1 


Sh 


.2* 


.5 










1N4391 


s 






SP 


20 


1 


2H 


.2* 


.5 










1N4392 


s 






SP 


15 


1 


2M 


1* 


.5 










1N440G 


s 






ZD 














6.8 


20 


1W 


1N4401 


s 






ZD 














7.5 


20 


1W 


1N4402 


s 






ZD 














8.2 


20 


1W 


1N4403 


s 






ZD 














9.1 


20 


1W 


1N4404 


s 






ZD 














10 


20 


1W 


1N4405 


s 






Z0 














11 


20 


1w 


1N4406 


s 






ZD 














12 


20 


1W 


1N4407 


s 






ZD 














13 


20 


1W 


1N4408 


s 






ZD 














15 


20 


IN 


1N4409 


s 






ZD 














16 


20 


1W 


1N4410 


s 






ZD 














18 


20 


1W 


1N4411 


s 






ZD 














20 


20 


1W 


1 Milk 1 O 








ZD 














22 


20 


1W 


1N4413 


s 






ZD 














24 


20 


1W 


1N4414 


s 






ZD 














27 


20 


1W 


1N4415 


s 






ZD 














30 


20 


1W 


1N4416 


s 






ZD 














33 


20 


1W 


1N44V7 


s 






ZD 














36 


20 


1W 


1N4418 


s 






ZD 














39 


20 


1W 


1N4419 


s 






ZD 














43 


20 


1W 



ZENER DIODES 



REFERENCE DIODES 



R— Rectifier, RD-Reference Diode, . ZD- Zener Diode, GP-General Purpose, HC— High Conductance'^ 20 mA@^ IV), HS -High Speed Switch (Max t, 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-85 



- Numerical Index - 



1N4420— 1N4483 











z 


RECTIFIERS 


ZENER DIODES 


TYPE 


[RIAL 


REPLACE- 


PAGE 


ICATIO 


Vr 
(volts) 


V F 
(volts) 


lo 
(Amps) 


Ir 
(mA) 


I surge 
(Amps) 


Vz(min) 


Vz (nom) 
V z (max) 


Tol 
V z % 


Pd 


£ 


MENT 


NUMBER 


z 


SIGNAL DIODES 


REFERENCE DIODES 










a 


PRV 

(volts) 


V.- (i 

Vp <£ 

(volts) 




Ir 


trr 
(/AS) 


OA /°f! ' 
/Of v» 


Vz 


T(min) 
°C 


T(max) 
C 


1N4420 


s 






ZD 














47 


20 


1W 


1N4421 


s 






ZD 














51 


20 


1W 


1N4422 


s 






ZD 














56 


20 


1W 


1N4423 


s 






ZD 














62 


20 


1W 


1N4424 


s 






ZD 














68 


20 


1W 


1N4425 


s 






ZD 














75 


20 


1W 


1N4426 


s 






ZD 














82 


20 


1W 


1N4427 


s 






ZD 














91 


20 


1W 


1N4428 








7 P 
L \J 














100 


20 


1W 


1N4429 


s 






ZD 














110 


20 


1W 


1N4430 


s 






ZD 














120 


20 


1W 


1N4431 


s 






ZD 














130 


20 


1W 


1N4432 


s 






ZD 














150 


20 


1W 


1N4433 


s 






ZD 














160 


20 


1W 


1N4434 


s 






ZD 














180 


20 


1W 


1N4435 


5 






ZD 














200 


20 


1W 


1N4436 


s 






ft 


200 


1.2 


10 


1 


100 










1N4437 


s 






R 


400 


1.2 


10 


1 


100 










1N4438 


s 






R 


600 


1 


10 


1 


100 










1N4439 


s 






R 


800 


1.2 


10 




100 










1N4440 


s 






R 


1000 


1.2 


10 




100 










1N4441 


s 






R 


1500 


4 


• 025 


.001 


3 










1N4442 


s 






CS 


30 


1 


VIA 


IN 


1 










1N4443 


s 






cs 


50 




'■'■VIA 


2N 


.6 










1N4444 


s 






c s 


50 


1 


. 1A 


50N 


7 










1N4445 


s 






cs 


100 


1 


. 1A 


50N 


4 










1N4446 


s 






cs 


: : ^:7.5:. 


1 


20M 


25N 


4 










1NU447 


s 






cs 


75 




20M 


25N 


4 










1N4448 


s 






cs 


75 




5M 


25N 


4 










1N4449 


s 






cs 


75 


.73 


5M 


25N 


4 










1N4450 


s 






cs 


30 


.92 


. 1A 


50N 


4 










1N445 1 








cs 


30 


.875 


VIA 


SON 


10 










1N4452 


s 






cs 


30 


1.2 


1A 


SON 


50 










1N4453 


s 






cs 


20 


.92 


.1A 


50N 












1N4454 


s 






cs 


75 


1 


lOM 


.1* 


2 










1N4455 


s 






GP 


50 


.7 


5M 


.1* 












1N4456 


s 






cs 


35 


1 


. ISA 


.2* 


1.5 










1N4457 


s 






cs 


50 


1 


.2A 


.2* 


1.5 










1N4458 


s 






R 


800 


1.5 


5 


.5 


150 










1N4459 


s 






R 


1000 


1,5 


5 


.5 


150 










1N4460 








ZD 














6.2 


5 


1.5W 


1N446 1 


s 






ZD 














6.8 


5 


1.5W 


1N4462 


s 






ZD 














7.5 


5 


1.5W 


1N4463 


s 






ZD 














8.2 


5 


1.5W 


1N4464 


s 






ZD 














9.1 


5 


1.5W 


1N4465 


s 






ZD 














10 


5 


1.5W 


1N4466 


s 






ZD 














11 


5 


1.5W 


1N4467 


s 






ZD 














12 


5 


1-5W 


1N4468 


s 






ZD 














13 


5 


1.5W 


1N4469 


s 






ZD 














15 


5 


1.5W 


1N4470 


s 






ZD 














16 


5 


1.5W 


1N4471 


s 






ZD 














18 


5 


1.5W 


1N4472 


s 






ZD 














20 


5 


1.5W 


1N4473 


s 






ZD 














22 


5 


1.5W 


1N4474 


s 






ZD 














24 


5 


1.5W 


1N4475 


s 






ZD 














27 


5 


1 .5W 


1N4476 


s 






ZD 














30 


5 


1.5W 


1N1#U77 


s 






ZD 














33 


5 


1.5W 


1N4478 


s 






ZD 














36 


5 
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1.5W 


1N4481 


s 






ZD 














47 


5 


1.5W 


1N4482 


s 






ZD 














51 


5 


1.5W 


1N4483 


s 






ZD 














56 


5 


1.5W 



R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP-General Purpose, HC — High Conductance)^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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1N4500 
1N4501 
1N4502 
1N4503 
1N4504 
1N4505 
1N4506 
1N4507 
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R 



80 
20 



6000 
200 
400 



8.5 
1.4 
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4.7 



R-Rectifier, RD-Reference Diode, ZD -Zener Diode, GP— General Purpose, HC— High Conductance 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS- Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 



1-87 



- Numerical Index - 



1N4551A— 1N4576 



TYPE 



REPLACE- 
MENT 



PAGE 
NUMBER 



RECTIFIERS 



Vr V F lo Ir Isurge 

(volts) (volts) (Amps) (mA) (Amps) 



SIGNAL DIODES 











E 


PRV 
(volts) 


(volts) 






trr 


TC 

%/ c C 


V z 


T(min) 
°C 


T(max) 
"C 


1N4551A 


S 




2-15 


ZD 














4.7 


10 


50W 


1N4551B 


S 




2-15 


ZD 














4.7 


5 


5QW 


1N4552 


s 




2-15 


ZD 














5.1 


20 


SOW 


1N4552A 


s 




2-15 


ZD 














5.1 


10 


50W 


1N4552B 


s 




2-15 


ZD 














5.1 


5 


50W 


1N4553 


s 




2-15 


ZD 














5.6 


20 


50W 


1N4553A 


s 




2-15 


ZD 














5.6 


10 


50W 


1N4553B 


s 




2-15 


ZD 














5.6 


5 


50W 


1N4554 


s 




2-15 


ZD 














6.2 


20 


50W 


1N4554A 


s 




2-15 


ZD 














6.2 


10 


50W 


1N4554B 


s 




2-15 


ZD 














6.2 


5 


SOW 


1N4555 


s 




2-15 


ZD 














6.8 


20 


SOW 


1N4555A 


s 




2-15 


ZD 














6.8 


10 


SOW 


1N4555B 


s 




2-15 


ZD 














6.8 


5 


50W 


1N4556 


s 




2-15 


ZD 














7.5 


20 


50W 


1N4556A 


s 




2-15 


ZD 














7.5 


10 


50W 


1N4556B 


s 




2-15 


ZD 














7.5 


5 


50W 


1N4557 


s 




2-15 


ZD 














3.9 


20 


50W 


1N4557A 


s 




2-15 


ZD 














3.9 


10 


50W 


1N4557B 


s 




2-15 


ZD 














3.9 


5 


50W 


1N4558 


s 




2-15 


ZD 














4.3 


20 


50W 


1N4558A 


s 




2-15 


ZD 














4.3 


10 


50W 


1N4558B 


s 




2-15 


ZD 














4.3 


5 


50W 


1N4559 


s 




2-15 


ZD 














4.7 


20 


50W 


1N4559A 


s 




2-15 


ZD 














4.7 


10 


50W 


1N4559B 


s 




2-15 


ZD 














4.7 


5 


50W 


1N4560 


s 




2-15 


ZD 














5.1 


20 


50W 


1N4560A 


s 




2-15 


ZD 














5.1 


10 


SOW 


1N4560B 


s 




2-15 


ZD 














5.1 


5 


50W 


1N4561 


s 




2-15 


ZD 














5.6 


20 


50W 


1N4561A 


s 




2-15 


ZD 














5.6 


10 


50W 


1N4561B 


s 




2-15 


ZD 














5.6 


5 


SOW 


1N4562 


s 




2-15 


ZD 














6.2 


20 


50W 


1N4562A 


s 




2U5 


ZD 














6.2 


10 


50W 


1N4562B 


s 




2-15 


ZD 














6.2 


5 


SOW 


1N4563 


s 




2-15 


ZD 














6.8 


20 


50W 


1N4563A 


s 




2-15 


ZD 














6.8 


10 


SOW 


1N4563B 


s 




2-15 


ZD 














6.8 


5 


50W 


1N4564 


s 




2-15 


ZD 














7.5 


20 


50W 


1N4564A 


s 




2-15 


ZD 














7.5 


10 


50W 


1N4564B 


s 




2-15 


ZD 














7.5 


5 


50W 


1N4565 


s 




2-32 


RD 












.01 
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R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC- High Conductance!^ 20 mA@^ IV), HS -High Speed Switch (Max t rr < 0.3ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD— Reference Diode, ZD-Zener Diode, GP— General Purpose, HC— High Conductance 20 mA@ ^ 1 V), HS— High Speed Switch (Max t,, < 0.3ms), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA -Parametric Amplifier, SP- Special Purpose. 
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R— Rectifier, RD-Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Maxtor < 0.3ns), 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, fiP- General Purpose, HC— High Conductance^ 20 mA@±^ IV), HS— High Speed Switch (Max tr < 0.3 jjs), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA— Parametric Amplifier, SP-Special Purpose. 
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-Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC -High Conductance^ 20 mA@=^ IV), HS -High Speed Switch (Max t„ < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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R— Rectifier, RD— Reference Diode, ZD -Zener Diode, GP— General Purpose, HC— High Conductance^ 20 mA@^ IV), HS— High Speed Switch (Max t, r < 0.3 /is), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA— Parametric Amplifier, SP-Special Purpose. 
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-Rectifier, RD— Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance £s=20mA@^ IV), HS— High Speed Switch (Max k r < 0.3ms), 
CS— High Conductance, High Speed Switch, MS— Medium Speed Switch, PA- Parametric Amplifier, SP- Special Purpose. 
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■ ft— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@±== IV), HS-High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA -Parametric Amplifier, SP— Special Purpose. 
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50 


5 


2,SW 


1N5043 


s 






ZD 














51 


10 


2.5W 


1N5043A 


s 






ZD 














51 


5 


2.5W 


1N5044 


s 






ZD 














52 


10 


2.5W 


1N5044A 


s 






ZD 














52 


5 


2.5W 


1N5045 


s 






ZD 














56 


10 


2-5H 


1N5045A 


s 






ZD 














56 


5 


2.5W 


1N5046 


s 






ZD 














62 


10 


2.5W 


1N50U6A 


s 






2D 














62 


5 


2.5W 


1N5047 


s 






ZD 














68 


10 


2.5W 


1N5047A 


s 






ZD 














68 


5 


2.5W 


1N5048 


s 






ZD 














75 


10 


2.5H 


1N5048A 


s 






ZD 














75 


5 


2.5W 


1N5049 


s 






ZD 














82 


10 


2.5H 


1N5049A 


s 






ZD 














82 


5 


2.5W 


1N5050 


s 






ZD 














91 


10 


2.5W 


1N5050A 


s 






2D 














91 


5 


2.5W 


1N5051 


s 






ZD 














100 


10 


2.5N 


1N5051A 


s 






ZD 














100 


5 


2.5W 


1N5139 




























thru 
1N5155 


Va 


ractor Di 


)des, see 


tablt 


on p< 


ge l-< 


9 







































































R— Rectifier, RD- Reference Diode, ZD -Zener Diode, GP- General Purpose, HC— High Conductance^ 20 mA@^ IV), HS-High Speed Switch (Max t rr < 0.3 ms), 
CS— High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 



1-97 



VARACTOR DIODES 



Index and Short-Form Specifications 



The following table provides a numerical index and short-form specifications for varac- 
tor diodes with ElA-registered type number. 



KEY 



TYPE 



PAGE 
NUMBER 



CAPACITANCE 



C (max) 



C (min) 



Voltage 
Range 



Vi V 2 
Volts Volts 



BVr 
Volts 



Q @ f 
GHz 



GUARANTEED MULTIPLIER PERFORMANCE 



Pd 

@ 
25°C 
Watts 



Pin 
Watts 



fin 
GHz 



Min 
Pout 



Min 

V 



Numerical Listing 
of Registered 
Type Numbers 



Page number in this book 
on which the device is 
fully characterized 



Nominal Capacitance usually 
Cj (junction capacitance) 
With *, specified value is C T 
(total capacitance) 
Ct = Cj -f- Cc 



Tolerance of capacitance listed 
in preceding column 



Effective tuning Ratio (Capacitance at Voltage 
V, divided by capacitance at Voltage V 2 ) 



Voltage range over which the tuning range is measured 



Figure of 
Merit 
at this 
specified 
frequency 



Maximum Series 
Resistance 



Power Dissipation at 25°C 



Input Power 



Input Frequency 



Minimum Output Power at output frequency 



Output frequency 



Minimum efficiency (Pout/PinX 100) 



Reverse Breakdown Voltage 



1N950 - 1N3555 VARACTOR DIODES INDEX 



TYPE 


PAGE 
NUMBER 


CAPACITANCE 


BVr 
Volts 


Q 


<< 


§ f 

GHz 


Max 

Rs 

Ohms 


Pd 

@ 
25°C 
Watts 


MULTIPLIER PERFORMANCE 


Cj 
Ct* 

PF 


c 

Tol 

% 


C (max) 


Voltage 
Range 


Pin 
Watts 


fin 
GHz 


Min 

Pout 

Watts 


fout 
GHz 


Min 

V 

% 


C (min) 


Vi 

Volts 


V 2 
Volts 


LN950 




35 




2.51 


4 


130 


130 


7. 


0 


0.05 
















IN 951 




50 




2.4 


4 


80 


80 


7. 


0 


0.05 


4.5 














1N952 




70 




2.43 


4 


60 


60 


7 


0 


0.05 


2.1 














1N953 




100 




2.4 


4 


25 


25 


7. 


0 


0.05 


1.5 














1N954 




35 




2.51 


4 


25 


25 


7. 


0 


0.05 
















1N955 




50 




2.4 


4 


25 


25 


7. 


0 


0.05 


5.0 














IN 95 6 




70 




2.43 


4 


25 


25 


7. 


0 


0.05 


2.1 














1N2627 




2.75 




1.75 


0 


5 


5.0 


10 




1.0 
















1N2628 




2.5 




1.5 


0 


5 


5.0 


14 




1.0 
















1N3182 




33 










20 


65 




0.05 


3.0 


0.163 












1N3488 




56 










15 


7. 


0 


0.05 
















1N3551 




50 




1.22 


4 






30 




0.05 
















1N3552 




20 




1.22 


0 


4 




25 




0.05 
















1N3554 




12 










100 






















1N3555 




20 










100 


60 




0.05 

















1-98 



Numerical Index 



VARACTOR DIODES INDEX (continued) 







cap ac mm ce 














MULTIPLIER PERFORMANCE 


TYPE 


PAGE 
NUMBER 


Cj 
Ct* 


C 

Tol 


C (max) 


Voltage 

Range 


BVr 


o 




[) f 


Max 

Rs 


Pd 

@ 


Pin 


fin 


Min 

Pout 


tout 


Min 




C (min) 


Vi 


V 2 










25°C 




V 






PF 


% 




Volts 


Volts 


Volts 






GHz 


Ohms 


Watts 


Watts 


GHz 


Watts 


GHz 


% 


1N3556 




47 










100 


50 




0.10 
















1N3557 




24 










210 


75 




0.05 
















1N3627 




21.3 




2.45 


4 


20 


20 


25 




0.05 
















1N3628 




50 




2.5 


4 


20 


20 


30 




0.05 
















1N3770 




2.0 










5.5 






















IN 3 945 




20 




1.5 


4 


20 


20 


7 


0 


0.05 




0.50 












1N3946 




71 










9.0 


7 


0 


0.05 




0.50 












1N3947 




70 










9.0 


9 


0 


0.05 
















1N4091 




4.2 




2.5 






6.0 










0.30 












1N4386 


12-5 


50 










250 


75 




0.05 


1.5 


25 


50 


0.05 


32.5 


0.15 


65 


1N4387 


12-7 


35 










150 


150 




0.05 


1.5 


20 


30 


0.15 


15 


0.45 


50 


1N4388 


12-8 


20 










100 


200 




0.05 


2.0 


10 


20 


0.5 


11 


1.0 


55 


1N4598 




22 




4.04 


4 


90 


90 


50 




0.05 




0.25 












1N4599 




47 




5 


2 


100 


110 


100 




0.05 


100 


0.50 












1N4609 




22 




2.64 


4 


35 


35 


60 




0.05 




0.25 












1N4786 




6.8 


20 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4786A 




6.8 


10 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4786B 




6.8 


5 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4786C 




6.8 


2 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4786D 




6.8 


1 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4787 




8.2 


20 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4787A 




8.2 


10 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4787B 




8.2 


5 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4787C 




8.2 


2 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4787D 




8.2 


1 


2.56 


0 


4 


25 


15 




0.05 




0.50 












1N4788 




10 


20 


2.50 


0 


4 


25 


15 




0.05 




0.50 












1N4788A 




10 


10 


2.50 


0 


4 


25 


15 




0.05 




0.50 












1N4788B 




10 


5 


2.50 


0 


4 


25 


15 




0.05 




0.50 












1N4788C 




10 


2 


2.50 


0 


4 


25 


15 




0.05 




0.50 












1N4788D 




10 


1 


2.50 


0 


4 


25 


15 




0.05 




0.50 












1N4789 




12 


20 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4789A 




12 


10 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4789B 




12 


5 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4789C 




12 


2 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4789D 




12 


1 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4790 




15 


20 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4790A 




15 


10 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4790B 




15 


5 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4790C 




15 


2 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4790D 




15 


1 


2.49 


0 


4 


25 


15 




0.05 




0.50 












1N4791 




18 


20 


2.48 


0 


4 


20 


15 




0.05 




0.50 












1N4791A 




18 


10 


2.48 


0 


4 


20 


15 




0. 05 




0.50 












1N4791B 




18 


5 


2.48 


0 


4 


20 


15 




0.05 




0.50 












1N4791C 




18 


2 


2.48 


0 


4 


20 


15 




0.05 




0.50 












1N4791D 




18 


1 


2.48 


0 


4 


20 


15 




0.05 




0.50 












1N4792 




22 


20 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4792A 




22 


10 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4792B 




22 


5 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4792C 




22 


2 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4792D 




22 


1 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4793 




27 


20 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4793A 




27 


10 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4793B 




27 


5 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4793C 




27 


2 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4793D 




27 


1 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4794 




33 


20 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4794A 




33 


10 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4794B 




33 


5 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4794C 




33 


2 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4794D 




33 


1 


2.46 


0 


4 


20 


15 




0.05 




0.50 












1N4795 




39 


20 


2.44 


0 


4 


20 


15 




0.05 




0.50 












1N4795A 




39 


10 


2.44 


0 


4 


20 


15 




0.05 




0.50 












1N4795B 




39 


5 


2.44 


0 


4 


20 


15 




0.05 




0.50 












1N4795C 




39 


2 


2.44 


0 


4 


20 


15 




0.05 




0.50 












1N4795D 




39 


1 


2.44 


0 


4 


20 


15 




0.05 




0.50 












1N4796 




47 


20 


2.43 


0 


4 


20 


15 




0.05 




0.50 













1-99 



•Numerical Index- 



1N4796A - 1N4809A 



VARACTOR DIODES INDEX (continued) 



CAPACITANCE 



TYPE 


PAGE 
NUMBER 


Cj 
Ct* 


C 
Tol 


C(max) 


Voltage 
Range 


BVr 




D f 


Max 

Rs 


Pd 


Pin 


fin 


Min 

Pout 


fout 


Min 

V 




C (min) 




Y 2 








25°C 








pF 


% 




voits 


voiis 


Voits 




GHz 


Ohms 


Watts 


Watts 


GHz 


Watts 


GHz 


~/o 


lNA79fiA 




47 


10 


2 43 


o 


4 


20 


i j 


0 05 




0 . 50 












1N4796B 
JLINH- / J UD 




47 


5 


2 .43 


o 


4 


20 


15 


0 . 05 




0 50 












1N4796C 




47 


2 


2.43 


o 


4 


20 


15 


0. 05 




0 . 50 












1N4796D 




47 




2 .43 


Q 


4 


20 


15 


0. 05 




0 50 












1N4797 




56 


20 


2 .42 


o 


4 


15 


15 


0 05 




\J . D\J 












1N4797A 




56 


10 


2 .42 


o 


4 


15 


15 


0 05 




u . DU 












1N4797B 




56 


5 


2.42 


o 


4 


15 


15 


0. 05 




0. 50 












1N4797C 




56 


2 


2.42 


o 


4 


15 


15 


0. 05 




0 . 50 












1N4797D 




56 




2.42 


o 


4 


15 


15 


0. 05 




0.50 












1N4798 




68 


20 


2.40 


o 


4 


15 


15 


0.05 




0.50 












1N4798A 




68 


10 


2.40 


o 


4 


15 


15 


0.05 




0.50 












1N4798B 




68 


5 


2.40 


o 


4 


15 


15 


0. 05 




0.50 












1N4798C 




68 


2 


2.40 


o 


4 


15 


15 


0. 05 




0.50 












1N4798D 




68 




2 .40 


o 


4 


15 


15 


0. 05 




0.50 












1N4799 




82 


20 


2.36 


o 


4 


15 


15 


0.05 




0.50 












1N4799A 




82 


10 


2.36 


o 


4 


15 


15 


0.05 




0.50 












1N4799B 




82 


5 


2.36 


o 


4 


15 


15 


0.05 




0.50 












1N4799C 




82 


2 


2.36 


o 


4 


15 


15 


0.05 




0.50 












1N4799D 




82 


1 


2.36 


o 


4 


15 


15 


0.05 




0.50 












1N4800 




100 


20 


2.33 


o 


4 


15 


15 


0.05 




0.50 












1NA800A 




100 


10 


2.33 


o 


4 


15 


15 


0.05 




0.50 












1N4800B 




100 


5 


2.33 


o 


4 


15 


15 


0.05 




0.50 












1N4800C 




100 


2 


2.33 


o 


4 


15 


15 


0.05 




0.50 












iNARfifin 




100 


1 


2 . 33 


o 


4 


15 


15 


0. 05 




0.50 
















6.8 


20 


2 . 56 


o 


4 


100 


15 


0. 05 




0.50 












1 NARni A 




6.8 


10 


2 . 56 


o 


4 


100 


15 


0. 05 




0.50 












1 NAftfll R 
JLIM'+OU JLD 




6.8 




2.56 


o 


4 


100 


15 


0. 05 




0 . 50 












-L1NHOU J- L» 




6.8 


2 


2.56 


o 


4 


100 


15 


0.05 




0.50 
















6. 8 




2.56 


o 


4 


100 


15 


0. 05 




0.50 












i MA«n9 




8.2 


20 


2 . 58 


o 


4 


100 


15 


0. 05 




0.50 












1 NARfl9A 




8. 2 


10 


2 .58 


o 


4 


100 


15 


0. 05 




0.50 
















8 2 


c 
J 




o 


4 


100 


15 


0. 05 




0.50 












J-lNH-OVJilvj 




8.2 


2 


2 . 58 


o 


4 


100 


15 


0. 05 




0. 50 
















8.2 




2.58 


o 


4 


100 


15 


0 . 05 




0.50 












1N4803 




10 


20 


2.50 


o 


4 


100 


15 


0.05 




0.50 












iwAftn^A 

UNHOU On. 




10 


10 


2 . 50 


o 


4 


100 


15 


0.05 




0.50 












1 NAftfi^R 
ilNHOU JD 




10 




2 . 50 


o 


4 


100 


15 


0. 05 




0.50 












lNA803f 




10 


2 


2.50 


o 


4 


100 


15 


0.05 




0. 50 












XlNH'OyJL' 




10 




2.50 


o 


4 


100 


15 


0. 05 




0.50 
















12 


20 


2.49 


o 


4 


100 


15 


0. 05 




0.50 












llNH-OUH-ri 




12 


10 


2.49 


o 


4 


100 


15 


0.05 




0.50 
















12 


5 


2.49 


o 


4 


100 


15 


0. 05 




0.50 
















12 


2 


2.49 


o 


4 


100 


15 


0.05 




0.50 












-L IN H- (J W^+U 




12 




2.49 


o 


4 


100 


15 


0. 05 




0.50 
















15 


20 


2 .49 


o 


4 


100 


15 


0. 05 




0. 50 
















15 


10 


2.49 


o 


4 


100 


15 


0. 05 




0.50 












1 MAHOUT* 




15 


5 


2.49 


o 


4 


100 


15 


0.05 




0. 50 












1N4805C 




15 


2 


2.49 


o 


4 


100 


15 


0.05 




0.50 
















15 




2.49 


o 


4 


100 


15 


0.05 




0.50 
















18 


20 


2.48 


o 


4 


90 


15 


0.05 


0. 50 














1N4806A 




18 


10 


2.48 


o 


4 


90 


15 


0.05 


0.50 














INAftOfiR 

IL'fH'OuUD 




18 


5 


2.48 


o 


4 


90 


15 


0. 05 


0. 50 


















18 


2 


2.48 


o 


4 


90 


15 


0.05 


0. 50 














1N4806D 




18 




2.48 


o 


4 


90 


15 


0.05 


0.50 














1N4807 




22 


20 


2.46 


o 


4 


90 


15 


0.05 




0.50 












1N4807A 




22 


10 


2.46 


0 


4 


90 


15 


0. 05 




0.50 
















22 




2.46 


0 


4 


90 


15 


0. 05 




0. 50 












1N4807C 




22 


2 


2.46 


0 


4 


90 


15 


0.05 




0.50 












1N4807D 




22 


1 


2.46 


0 


4 


90 


15 


0.05 




0.50 












1N4808 




27 


20 


2.46 


0 


4 


65 


15 


0.05 




0.50 












1N4808A 




27 


10 


2.46 


0 


4 


65 


15 


0.05 




0.50 












1N4808B 




27 


5 


2.46 


0 


4 


65 


15 


0.05 




0.50 












1N4808C 




27 


2 


2.46 


0 


4 


65 


15 


0.05 




0.50 












1N4808D 




27 


1 


2.46 


0 


4 


65 


15 


0.05 




0.50 












1N4809 




33 


20 


2.46 


0 


4 


60 


15 


0.05 




0.50 












1N4809A 




33 


10 


2.46 


0 


4 


60 


15 


0.05 




0.50 













MULTIPLIER PERFORMANCE 



1-100 



Numerical Index 



VARACTOR DIODES INDEX (continued) 1N4809B — 1N5155 







CAPACITANCE 












MULTIPLIER PERFORMANCE 


TYPE 


PAGE 
NUMBER 


Cj 

Ct* 

1 


c 

Tol 


i Voltage 
C(max)! Range 


BVr 


Q (J 




-Max 
Rs 


Pd 

(3) 


Pin 


fin 


Min 

Pout 


tout 


Min 




C (min) 


Vi 


v 2 








25°C 




rj 






pF 


or 




Volts 


Volts 


Volts 




GHz 


Ohms 


Watts 


Watts 


GHz 


Watts 


GHz 


% 


1N4809R 




33 


5 


2.46 


0 


4 


60 


15 


0. 05 




0.50 












1N4809C 




33 


2 


2.46 


0 


4 


60 


15 


0. 05 




0.50 
















33 


1 


2.46 


0 


4 


60 


15 


0. 05 




0 .50 












1N4810 




39 


20 


2.44 


0 


4 


55 


15 


0.05 




0.50 












1N4810A 




39 


10 


2.44 


0 


4 


55 


15 


0.05 




0.50 












1N4810B 




39 


5 


2.44 


0 


4 


55 


15 


0.05 




0.50 












1N4810C 




39 


2 


2.44 


0 


4 


55 


15 


0.05 




0.50 












1N4810D 




39 


1 


2.44 


0 


4 


55 


15 


0. 05 




0.50 












1N4811 




47 


20 


2.43 


0 


4 


50 


15 


0.05 




0.50 












1N4811A 




47 


10 


2.43 


0 


4 


50 


15 


0.05 




0.50 












1N4811B 




47 


5 


2.43 


0 


4 


50 


15 


0.05 




0.50 












1N4811C 




47 


2 


2.43 


0 


4 


50 


15 


0.05 




0.50 












1N4811D 




47 


1 


2.43 


0 


4 


50 


15 


0. 05 




0.50 












1N4812 




56 


20 


2.42 


0 


4 


40 


15 


0. 05 




0. 50 












1N4812A 




56 


10 


2.42 


0 


4 


40 


15 


0. 05 




0.50 












1N4812B 




56 


5 


2.42 


0 


4 


40 


15 


0. 05 




0.50 












1N4812C 




56 


2 


2.42 


0 


4 


40 


15 


0. 05 




0.50 












LN4812D 




56 


1 


2.42 


0 


4 


40 


15 


0. 05 




0.50 












1N4813 




68 


20 


2.40 


0 


4 


30 


15 


0. 05 




0.50 












1N4813A 




68 


10 


2.40 


0 


4 


30 


15 


0. 05 




0.50 












LN4813B 




68 


5 


2.40 


0 


4 


30 


15 


0. 05 




0.50 












1N4813C 




68 


2 


2.40 


0 


4 


30 


15 


0. 05 




0.50 












LN4813D 




68 


1 


2.40 


0 


4 


30 


15 


0. 05 




0.50 












1N4814 




82 


20 


2.36 


0 


4 


20 


15 


0. 05 




0.50 
















82 


10 


2.36 


0 


4 


20 


15 


0. 05 




0 50 












1N4814B 




82 


5 


2.36 


0 


4 


20 


15 


0. 05 




0. 50 












1N4814C 




82 


2 


2.36 


0 


4 


20 


15 


0. 05 




0. 50 
















82 


1 


2.36 


0 


4 


20 


15 


0. 05 




0.50 












1N4815 




100 


20 


2.33 


0 


4 


20 


15 


0.05 




0.50 












1N4815A 




LOO 


10 


2.33 


0 


4 


20 


15 


0. 05 




0.50 
















100 


5 


2.33 


0 


4 


20 


15 


0. 05 




0.50 












1N4815C 




100 


2 


2.33 


0 


4 


20 


15 


0. 05 




0.50 












1N4815D 




LOO 


1 


2.33 


0 


4 




i «; 

hP... . 


0. 05 




0.50 












1N4885 




35 




2.57 


6 


150 


150 






0. 7C 


20 












1N4886 




35 




2.57 


6 


120 


120 






0.80 


20 












1N5139 


12-10 


6.8* 


10 


2.9 


4 


60 


60 


350 


0. 05 
















1N5139A 


12-10 


6.8* 


5 


2.9 


4 


60 


60 


350 


0. 05 




0.4 












1N5140 


12-10 


10* 


10 


3.0 


4 


60 


60 


300 


0. 05 




0.4 












1N5140A 


12-10 


10* 


5 


3.0 


4 


60 


60 


300 


0. 05 




0.4 












1N5141 


12-10 


12* 


10 


3.0 


4 


60 


60 


300 


0. 05 




0.4 












1N5141A 


12-10 


12* 


5 


3.0 


4 


60 


60 


300 


0. 05 




0.4 












1N5142 


12-10 


15* 


10 


3.0 


4 


60 


60 


250 


0.05 




0.4 












1N5142A 


12-10 


15* 


5 


3.0 


4 


60 


60 


250 


0.05 




0.4 












1N5143 


i 2-10 


18* 


10 


3.0 


4 


60 






0. 05 




0.4 












1NS1 A3A 


12-10 


18* 


5 


3.0 


4 


60 


60 


250 


0. 05 




0.4 












1 N S 1 44 

ill J ItH 


12-10 


22* 


10 


3.4 


4 


60 


60 


200 


0. 05 




0.4 












1N5144A 


12-10 


22* 


5 


3.4 


4 


60 


60 


200 


0.05 




0.4 












1N5145 


12-10 


27* 


10 


3.4 


4 


60 


60 


200 


0.05 




0.4 












1N5145A 


12-10 


27* 


5 


3.4 


4 


60 


60 


200 


0.05 




0.4 












1N5146 


12-10 


33* 


10 


3.4 


4 


60 


60 


200 


0.05 




0.4 












ill J IHOn 


12-10 


33* 


5 


3.4 


4 


60 


60 


200 


0. 05 




0.4 












1N5147 


12-10 


39* 


10 


3.4 


4 


60 




200 


0 . 05 




0.4 












A7A 


12-10 


39* 


5 


3.4 


4 


60 


ou 


200 


0. 05 




0.4 












1N5148 


12-10 


47* 


10 


3.4 


4 


60 


60 


200 


0.05 




0.4 












1N5148A 


12-10 , 


47* 


5 


3.4 


4 


60 


60 


200 


0.05 




0.4 












1N5149 


12-12 


LI. 5* 










80 


800 


0.05 




10 


20 


0.5 


11 


1 


55 


1N5150 


12-12 


LI. 5* 










80 


800 


0.05 




14 


37 


0.5 


24 


1 


65 


1N5151 


12-15 


5.8* 










75 


1100 


0.05 


0*5 


5.5 


12 


1 


6 


2 


50 


1N5152 


12-15 


5.8* 










75 


1100 


0.05 


0.5 


5.5 


12 


1 


6 


2 


50 


1N5153 


12-15 


5.8* 










75 


1100 


0.05 


0.5 


5.5 


12 


1 


6 


2 


50 


1N5154 


12-18 


2.1* 










35 


1700 


0.05 


0.9 


3.5 


5 


2 


2 


6 


40 


1N5155 


12-18 


2.1* 










35 


L700 


0.05 


0.9 


3.5 


5 


2 


2 


6 


40 



1-101 



NUMERICAL INDEX 



Numerical Listing of El A- Registered 2N and 3N Type Numbers and Short-Form Speci- 
fications for Bi-Polar Transistors 

This table serves two functions. It provides a complete listing of ElA-registered 2N 
and 3N type numbers, for device identification, and gives short-form specifications for 
bi-polar transistors. Type numbers for devices other than bi-polar transistors (i.e. thy- 
ristors, field-effect transistors, etc.), may be listed in blocks (2N — thru 2N — ) with 
reference to subsequent tables where such devices are sequentially tabulated and 
short-form specifications are given. 



KEY 



Collector-Emitter Saturation 
Voltage at Specified 
Collector Current 

l c Units: 
M = milliamps 
A = Amps 

I 



REPLACE- 
MENT 



PAGE 
NUMBER 



MAXIMUM RATINGS 



V CE - 

(YOltS) 



ELECTRICAL CHARACTERISTICS 



h FE @ l c 
(min) (max) 



V CE(SAT) @ 'c 

(volts) 



Numerical Listing 
of 2N and 3N 
Registered Type 
Numbers 



S = Silicon 
G = Germanium 



P = PNP 
N = NPN 



Common Emitter DC Short 
Circuit Forward Current 
Transfer Ration at Specified 
Collector Current. 

I c Units: M = milliamps 
A = Amps 
* = microamps 
N = nanoamps 



Type number of recommended 
replacement or of nearest 
electrical equivalent fully 
characterized in this book 



Maxi m urn Col I ector- Em itter Voltage 
(Subscript Identifies Condition) 



Page in this book on which the v device or its 
replacement device is fully characterized 



APPLICATION CODE 

AFA — Audio Frequency Amplifier 

AFC — Audio Frequency, Consumer 

BHS - Bidirectional High Speed Switch 

BMS — Bidirectional Medium Speed Switch 

CHP - Chopper 

DFA — Differential Amplifier 

HNS — High Speed Switch, Nonsaturated 

HPA — High Frequency Power Amplifier 

HSA — High Speed Switch and Amplifier 

HSS - High Speed Switch, Saturated 

IND — Indicator Driver 

LNA — Low Noise Amplifier (With registered 

noise spec) 
LPA — Low Frequency Power Amplifier 
MNS — Medium Speed Switch, Nonsaturated 
MSA — Medium Speed Switch and Amplifier 
MSC — Medium Speed Switch, Consumer 
MSS — Medium Speed Switch, Saturated 
PHS — Power Switching, High Speed 
PMS — Power Switching, Low or Medium Speed 
RFA - Rf-lf Amplifier 
RFC — Rf-lf, Consumer 
SAC — Switch, Amplifer Consumer 
SPP — Special Purpose 
VID — Video Amplifier 



Subscript: 




0 = V CEO 


= Base Open 


R = V CER 


= Specified Resistance 


S = V CES 


= Base Shorted 


V = V CE v 


= Used when only 




voltage bias is used 


x = v CEX 


= Base-Emitter Back 




Biased 


U = V CE z 


= Termination Undefined 



Small Signal Forward Current Transfer Ratio 
(E, B or C defines the parameter) 



E = h f , = Common Emitter Current 

Transfer Ratio 
B = hf b = Common Base Current 

Transfer Ratio 
C = h (c ■= Common Collector Current 

Transfer Ratio 



CUTOFF FREQUENCY 

Units: M = MHz 
K=KH Z 
G = GH Z 

(B, E, M or T Indicate the Parameter) 

B = f htb = f. b = Common Base Cutoff Frequency 
E — f hfe = f« = Common Emitter Cutoff Frequency 
M = f m „ = Maximum Frequency of Oscillations 
T = f T = Current Gain — Bandwidth Product 



Maximum Collector — Base Voltage 



Maximum Operating Junction Temperature 



Power Dissipation at 25 °C 

Units: M = milliwatts 
W = Watts 

Ref. Point: A, C, J, Indicates Ambient, Case, or Junction. 



1-102 



Numerical index 



2N21— 2N98 

















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


MATERIA 


| POLARm 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


r D 

@25°C 


Ref Point] 


Tj 
°C 


y 

CBO 

(volts) 


V CE _ 
(volts) 


| Subscript | 


Hfe <s 
(min) (max) 


Units 


V 

CE(SAT) 

(volts) 


Units 


n f- 


1 Subscript 1 


Units 


Subscript] 


2N 


21 




P 






MSS 


. 1 2W 


A 


85 


1 00 
























2N 


22 


G 


P 






MSS 


1 45M 


A 


55 


1 00 


100 


0 














B 






2N 


23 


G 


P 






MSS 


1 05M 


A 


55 


4 0 


50 


0 












2 


B 






2N 


24 


G 


P 






AFA 


1 45M 


A 


50 


30 


30 


0 












2.2 


B 






2N 


25 


G 


P 






RFA 


200M 


A 


6 0 


50 


50 


0 












2.5 


B 


3M 


B 


2N 


26 


G 


P 






MNS 


90M 


A 




3 0 


40 


0 




















2N 


27 




N 






AFA 


50M 


A 


85 


3 5 
















• 9 5 


B 


1M 


B 


2N 


28 




N 






AFA 


50M 


A 


85 


30 
















.94 


B 


.5M 


B 


2N 


29 




N 






AFA 


50M 


A 




3 5 
















.96 


B 


1M 


B 


2N 


30 


G 


P 






AFA 


1 OOM 


A 


4 0 


35 




















3M 


B 


2N 


31 


G 


P 






AFA 


1 OOM 


A 


40 


35 




















3M 


B 


2N 


32 


G 


P 






MSA 


50M 


A 




4 0 
























2N 


32A 


G 


P 






MSA 


50M 


A 




4 0 
























2N 


33 


G 


P 






RFC 


30M 


A 




8.5 
























2N 


34 


G 


P 


2N1191 


7-30 


AFC 


50M 


A 




25 
























2N 


34A 


G 


P 






AFC 


50M 


A 




25 
























2N 


35 


G 


P 






AFC 


50M 


A 




25 
























2N 


36 


G 


P 


2N1191 


7-30 


AFA 




A 


50 


20 
























2N 


37 


G 


P 


7N1L91 


7-30 


AFA 


50M 


A 


20 


















30 


E 






2N 


38 


G 


P 


2N1191 


7-30 


AFA 


50M 


A 




















15 


E 






2N 


38A 


G 


P 






AFA 


50M 


A 


— — 


20 
























2N 


41 


G 


P 






AFC 


50M 


A 




25 
























2N 


43 


G 


P 






AFA 


24 OM 


A 


85 


45 


30 


0 


34 




20M 






30 


E 


500K 


B 


2N 


43A 


G 


P 


2N525 


7-17 


AFA 


240M 


A 


85 


45 


30 


0 


34 


65 


20M 






30 


E 


500K 


B 


2N 


44 


G 


P 


2N524 


7-17 


AFA 


24 OM 


A 


8 5 


45 


30 


0 


18 


43 


20M 










500K 


B 


2N 


45 


G 


P 


2N524 


7-17 


AFA 


24 OM 


A 


85 


45 


30 


0 


18 




20M 










500K 


B 


2N 


46 


G 


P 






AFC 


50M 


A 




25 
























2N 


47 


G 


P 


2N1191 


7-30 


AFC 


50M 






35 
























2N 


48 


G 


P 






AFC 


50M 






35 
























2N 


49 


G 


P 


2N119L 


7-30 


AFC 


50M 






35 
























2N 


50 


G 








MSA 


50M 


A 


50 


1 5 
























2N 


51 


G 








MSA 


. 1 W 


A 


50 


50 
























2N 


52 


G 








MSA 


. 1 2W 


A 


50 


50 
























2N 


53 


G 








MSA 


. 1 W 


A 


50 


50 
























2N 


54 


G 


P 


2N1191 


7-30 


AFA 


. 2W 


A 


60 


45 
























2N 


55 


G 


P 


2N1191 


7-30 


AFA 


. 2W 


A 


60 


45 
























2N 


56 


G 


P 


2N1191 


7-30 


AFA 


• 2W 


A 


60 


45 
























2N 


57 


G 


P 






LP A 


20W 


C 




60 
























2N 


59 


G 


P 


2N1193 


7-30 


AFA 


1 80M 


A 


85 


25 


2 5 


0 




















2N 


59A 


G 


P 






AFA 


1 80M 


A 


85 


40 


40 


0 




















2N 


59B 


G 


P 






AFA 


1 80M 


A 


85 


50 


50 


0 




















2N 


59C 


G 


P 






AFA 


1 8 OM 


A 


85 


60 


60 


0 




















2N 


60 


G 


P 


2NL193 


7-30 


AFA 


1 80M 


A 


85 


25 


2 5 


0 




















2N 


60A 


G 


P 






AFA 


1 80M 


A 


85 


40 


40 


0 




















2N 


60B 


G 


P 






AFA 


1 80M 


A 


85 


5 0 


50 


0 




















2N 


60C 


G 


P 






AFA 


1 80M 


A 


85 


60 


6 0 


0 




















2N 


61 


G 


P 


2N1192 


7-30 


AFA 


1 80M 


A 


85 


25 


2 5 


0 




















2N 


61A 


G 


P 






AFA 


1 BOM 


A 


85 


4 0 


4 0 


0 




















2N 


6 IB 


G 


P 






AFA 




A 


85 


5 0 


50 


0 




















2N 


61C 


G 


P 






AFA 


1 80M 


A 


85 


60 


60 


0 




















2N 


62 


G 


P 


2N1191 


7-30 


AFC 
































2N 


63 


G 


P 


2N1191 


7-30 


AFA 


1 02M 


A 


85 


44 


44 


s 




















2N 


64 


G 


P 


2N1191 


7-30 


AFA 


1 02M 


A 


85 


30 


30 


s 




















2N 


65 


G 


P 


2N1193 


7-30 


AFA 




A 


85 


24 


24 


s 




















2N 


66 




P 






LPA 


27. 5W 


C 


80 


60 


40 






















2N 


67 




P 






MSS 


• lw 


A 


85 


50 
























2N 


68 




P 






LPA 


2W 


A 


70 


25 
























2N 


71 




P 






LPA 


1 W 


A 


60 


75 


50 


u 




















2N 


72 


G 


P 






MSA 


50M 


A 




4 0 
























2iN 


73 




P 






CHP 


. 2W 


A 






50 


II 




















2N 


74 




P 






MSS 


• ^ W 


A 






50 


u 




















2N 


75 




P 






MSS 


• 2W 


A 






2G 


u 




















2N 
2N 
2N 


76 

7~( 
78 


G 
G 
G 


P 
P 
N 


2N319 
2N1191 


7-6 
7-30 


AFA 
AFC 
RFA 


5M 
65M 


J 
A 
A 


60 
85 


2 0 
2 5 
1 5 


1 5 


0 


45 


135 


1M 






.97 


B 


500K 
5M 


B 
B 


2N 


7-8 A 


G 


N 






RFA 


65M 


A 


85 


20 


.1 5 


0 


45 


135 


1M 






.97 


B 


5M 


B 


2N 


79 


G 


P 


2N1191 


7-30 


AFC 


35M 


A 




35 
























2N 


80 


G 


P 






AFA 


50M 


A 




25 
























2N 


81 


G 


P 


2N1191 


7-30 


AFA 


50M 


A 


100 




20 


0 












20 


E 






2N 


82 ; 


G 


<P 


2N1191 


7-30 


AFA 


35M 


A 


71 


20 






20 


60 


1M 














2tt 


94 


G 


N 






KhC 


lb(JM 


A 


8b 


20 


. 20 


R 


20 


80 


1M 






7.5 




2M 


B 


2N 


94A 


G 


N 






RFC 


150M 


A 


85 


20 


20 


R 


20 


80 


1M 






5.0 




bH 


B 


2N 


95 




N 






LPA 


2.5W 


A 


70 


25 
























2N 


96 


G 


P 






AFC 


50M 


A 




30 




















500K 


B 


2N 


97 


G 


N 






AFA 


50M 


A 


75 


30 
















5 


E 


.5M 


B 


2N 


97A 


G 


N 






AFA 


50M 


A 


85 


40 
















5 


E 


.5M 


B 


2N 


98 


G 


N 






AFA 


50M 


A 


75 


40 
















19 


E 


.8M 


B 
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Numerical Index • 



2N98A— 2N166 







_, 










MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


S 
ee 


E 
3 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 




•| 


Tj 


VcBO 


Vce- 


% 




.■S 


Vce(sat)@Ic 
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— 


£ 
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2; 

ae 


°C 
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two 
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=» 


(volts) 






1 


i 


| 


2N 


98A 


G 


N 






AFA 


50M 


A 


85 


40 
















24 


e 


.8M 


B 


2N 


99 


G 


N 






AFA 


50M 


A 


75 


40 
















19 


E 


2M 


B 


2N 


100 




N 






AFA 


25M 


A 


50 


25 
















99 


E 


2.5K 


B 


2N 


101 


G 


P 






LPA 


1W 


A 


70 


25 
























2N 


102 


G 


N 






LPA 


1W 


•A 


70 


25 
























2N 


103 
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AFA 


50M 


A 


75 


35 
















1-5 


E 






2N 


104 


G 




5 


7-20 


AFC 


15CM 


A 


70 


30 
























2N 


105 


G 








AFC 


35M 


A 


50 


35 
























2N 


106 


G 






7-30 


AFA 


102M 


A 


85 


6 
























2N 


107 


G 


P 
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7-15 


AFC 


50M 


A 


60 


12 


6 


0 












.95 


B 






2N 


108 
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50M 


A 




























2N 


109 


G 
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AFC 


165M 


A 


71 


35 


25 


0 


65 
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50 


E 






2N 


no 


9. 








MSS 
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A 


85 
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2N 


111 


G 


P 
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2N 


1 12 


G 


P 






RFA 


150M 


A 


85 


30 


15 


0 


15 
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2N 
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G 


P 






RFA 


150M 
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30 
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2N 
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G 


P 






RFA 


96M 


A 


85 
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2N 


1 14 
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A 


85 
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2N 
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G 
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PMS 


50W 


C 


75 


32 


32 


R 




1 10 


30M 














2N 
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S 
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HSA 


150M 


C 


150 
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.9 


8 


1M 


B 


2N 
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S 
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C 
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6 


2V 


B 


2N 
2N 
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S 

s 
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c 
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2N 
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c 
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45 






76 
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2N 
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3 
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2N 
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75 
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12 
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2N 
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100M 
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12 
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G 
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2N 
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2N 
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2N 
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2N 
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2N 172 
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G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


N 
N 
N 
N 
N 
N 
N 
N 
P 
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6-21 
6-13 
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RFC 
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RFC 
AFC 
RFC 
RFA 
LPA 
PMS 
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75M 
55M 
65M 
65M 
65M 
25M 
65M 
10W 
100W 


A 
A 
A 
A 
A 
A 
A 
A 
C 
C 


85 
85 
75 
85 
85 
85 
50 
75 
95 
95 


30 
30 
15 
15 
15 
25 
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80 


30 
30 
15 
15 
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25 
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16 
50 
7C 
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0 
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0 

u 
s 
s 
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25 


90 
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50 


8M 

5A 
5A 


1 

.9 
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.952 
.952 

20 
20 
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30 


e 

B 
E 
E 
E 
E 


5M 
5M 


B 
B 


2N 174A 
2N 175 
2N 1 76 
2N 178 
2N 179 
2N 180 
2N 181 
2N 182 
2N 183 
2N 184 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
N 
N 
N 


2N1192 

2N176 

2N1192 

2N1192 


7-30 

6-18 

6- 16 

7- 30 
7-30 


PMS 
AFC 
AFC 
AFA 
AFA 
AFA 
AFA 
MSS 
MSS 
MSS 


100W 
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. 15W 
.25W 
. 1W 
. 1W 
. 1W 


C 
A 
C 

c 

A 
A 
A 
A 
A 
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71 
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90 

75 
75 
75 
75 
75 
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10 
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30 

30 
30 
25 
25 
25 


70 
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30 


s 
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R 
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25 
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45 
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.5A 
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.6 
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5 


B 
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E 
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2N 186 
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2N 188A 
2N 189 
2N 190 
2N 191 


G 
G 
G 
G 
G 
G 
G 

G 
G 


P 
P 

P 
P 
P 
P 
P 
P 
P 


2N650 

2N1191 

2N1191 

2N1191 

2N1191 

2N1191 

2N1191 

2N1191 

2N1191 

2N1192 


7-26 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 


AFA 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 


150M 
10CM 
200M 
100M 
200M 
lOOM 
200M 
75M 
75M 
75M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


• 50 
85 
85 
65 
85 
85 
85 
85 
85 
85 


20 
25 
25 
25 
25 
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25 
25 
25 
25 


25 
25 
25 
25 
25 
2b 
25 
25 
25 


R 
R 
R 
K 
R 
R 
R 
R 
R 












35 


E 


800K 
800K 
IN 
IK 
1.2N 
1.2N 
800K 
1M 
1.2M 


B 
B 
B 
B 
B 
B 
B 
B 
B 


2n 142 
2N 193 

2N 194A 
2N 206 
2N 207 
2N 207A 
2N 207B 
2N 211 
2N 212 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
N 
N 
N 
P 
P 
P 
P 
N 
N 


2N1193 

2N1191 
2N1193 
2N1190 


7-30 

7-30 
7-30 
7-28 


AFC 
RFC 
RFC 
RFC 
AFC 
LNA 
LNA 
LNA 
RFC 
RFC 


?5M 
150M 
50M 
5CM 
75M 
50M 
50M 
50M 
50M 
15CM 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


85 
85 
75 
75 

65 
65 
65 
75 
85 


25 
18 
15 
20 
30 
12 
12 
12 
10 
18 


25 
18 
15 

20 

12 
12 
12 
10 
18 


R 
R 
R 
R 

V 
V 
V 
R 


10 




1M 






4.0 
4.8 
5.0 

35 
35 
35 
3.8 
10 


E 
E 
E 

E 


1.5M 

2M 
2M 
2M 

2M 
4M 


B 
B 
B 
B 

E 
B 


2n 213 
2N 213A 
2N 214 
2N 215 
2N 216 
2N 217 
2N 218 
2N 219 
2N 220 
2N 223 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


N 
N 
H 
P 
N 
P 
P 
P 
P 
P 


2N1189 
2N1192 

2N1189 
2N1193 


7-28 
7-30 

7-30 
7-30 


AFC 
AFC 
AFC 
AFC 
RFC 
AFC 
AFC 
AFC 
AFC 
AFC 


S6m 

15CM 
125M 
15CM 
50M 
150M 
80M 
OOM 
5CM 
100M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


75" 
85 
75 
70 
75 
71 
70 
70 
71 
65 


40 
40 
40 
30 
15 
35 
16 
16 
10 


25 
25 

25 

18 


R 
R 

0 

V 


50 
65 


ICO 
1 15 


35M 
50M 


0.6 
1.0 

. 15 


lOOM 
lOOM 

50M 


70 
100 

3.9 

39 


E 
E 

E 

E 


10K 
600K 

2H 


E 
B 

B 


2N 224 
2N 225 
2N 226 
2N 227 
2N 228 
2N 229 
2N 230 
2N 231 
2N 232 
2N 233 


G 
G 
G 

G 
G 
G 
G 
G 
G 


P 
P 
P 

P 
N 
P 
P 
P 
N 


2N1192 
2N1193 
2N1192 


7-30 
7-30 
7-30 


AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
LPA 
RFC 
RFC 
RFC 


25CM 
250M 
250M 
250M 
50M 
5CM 
15W 
9M 
9M 
50M 


A 
A 
A 
A 
A 
A 
C 
A 
A 
A 


75 
75 
75 
75 
75 
75 
85 
55 
55 
75 


25 
25 
30 
30 
25 
10 
60 
4.5 
4.5 
10 


30 
4.5 
4.5 


u 

V 
V 


60 
60 
35 
35 
50 

60 


120 
120 
105 
105 
1 CO 

1C6 


lOOM 
lOOM 
lOOM 
lOOM 
35M 

.5A 


♦ 25 
.25 
.25 
.25 

.8 


lOOM 
lOOM 
100K 
lOOM 

2A 


19 

9 

3.0 


E 
E 
F 


600K 
550K 
12K 
3 OK 
20 M 


B 
B 
E 
M 
M 


2N 233A 
2N 234 
2N 234A 
2N 235 
2N 235A 
2N 235B 
2N 236 
2N 236A 
2N 236B 
2N 237 


G 
G 
G 
G. 
G 
G 
G 
G 
G 
G 


N 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N554 

2N555 

2N350A 

2N3611 

2N3613 

2N350A 

2N351A 

2N376A 


6-18. 

6-18 

6-26 

6-110 

6-110 

6-26 

6-26 

6-26 


RFC 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
AFA 


50M 

25W 

25W 
25W 

25W 
25W 
150M 


A 
A 


75 
90 
90 
90 
90 
85 
95 
95 
* 95 
55 


10 

50 

50 
45 


25 
25 
40 
40 
35 
35 
35 
35 


R 
R 
U 
U 

R 
R 
R 
R 








.8 
.8 
.8 

1 
1 
1 


1A 
1A 
1A 
3A 
3A 
3A 


3.5 
.98 


E 
fi 


5K 

5K 
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E 

E 
R 


2N 238 
2N 240 
2N 24 1 
2N 241 A 
2N 242 
2N 243 


G 
G 
G 
G 
G 
S 


P 
P 
P 
P 
P 
N 


2N1192 

2N321 
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7-30 
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2-6 
6-20 


AFA 
MSS 
AFC 
AFC 
AFA 
AFA 


5CM 
25M 
100M 
20CM 
20W 
750M 


A 
A 
A 
A 
C 
C 


60 
85 
85 
85 
85 
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25 
25 
45 
60 


6 
25 
25 
45 
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R 
R 
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.1 


8M 
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.9 
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B 
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P 
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3CM 
65M 


c 
c 


55 
75 




16 

12 


0 
0 
























G 


N 






RFA 


65M 


c 


75 






0 




















2N 


255 


G 


P 


2N554 


6-18 


LPA 


1 .5W 


A 


85 


15 




























G 


P 






LPA 


20W 


c 


85 


15 


1 5 


R 




















2N 


256* 


G 


P 


2N555 


6-18 


LPA 


1 . 5W 


A 


85 


30 
























2N 


256A 


G 


P 






LPA 


20W 


c 


85 


30 


25 


R 




















2N 


257 


G 


P 


2N3611 


6-110 


LPA 


25W 


C 


85 


40 




















7K 




2N 


258 


S 


P 






AFA 


250M 


A 


160 


30 


30 


o 












15 


E 






2N 


259 


S 


P 






AFA 


250M 


A 


160 


30 


30 


o 












32 


E 






2N 


260 


S 


P 






AFA 


. 2W 


A 


1 50 


1 0 
























2N 


260 A 


S 


P 






AFA 


.2W 


A 


1 50 


30 
























2N 


261 


S 


P 






AFA 


.2W 


A 


1 SO 


7b 
























2N 


262 


S 


P 






AFA 


. 2W 


A 


1 50 


10 
























2N 


262 A 


S 


P 






AFA 


.2W 


A 


1 50 


30 
























2N 


263 










































2N 
2N 


264 
265 


S 
G 


N 
P 


2N1175 


7-33 


AFA 
AFC 


125M 
75M 


A 
A 


1 50 

85 


45 


30 
25 


o 

R 


20 




10M 


1 .5 


10M 


.95 


B 


10M 
1 .5M 


8 

e 


2N 


266 


G 


P 






AFC 


75M 


A 


85 




18 


R 
















800K 


B 


2N 


267 


G 


P 






RFC 


80M 


A 




40 
























2N 


268 


G 


P 


2N1530 


6-56 


LPA 


25W 


C 


85 


80 




















6K 




2N 


268 A 


G 


P 


2N1536 


6-56 


PMS 


10W 


c 


90 


80 


60 


V 


20 




2A 


1 


2A 










2N 


26V 


G 


P 






MNS 


I2UM 


A 


bb 




Z4 


U 




















2N 


270 


G 


P 


2N1193 


7-30 


AFC 


150M 


A 


50 


25 
























2N 


271 


G 


P 






RFA 


150M 


A 


85 


30 


10 


0 




















2N 


27 1 A 


G 


P 






RFA 


150M 


A 


85 


30 


10 


0 




















2N 


272 


G 


P 






AFA 


150M 


A 


85 


30 


24 


0 












60 


E 






2N 


273 


G 


P 






AFA 


150M 


A 


85 


45 


25 


S 






50M 














2N 


274 


G 


P 






RFC 


120M 


A 


100 


40 


40 


0 


20 


1 75 


1 .5M 






20 


E 






2N 


277 


G 


P 




6-21 


LPA 


70W 


c 


95 


40 


40 


s 


35 


70 


5A 














2N 


278 


G 


P 




6-21 


LPA 


70W 


c 


95 


50 


45 


s 


35 


70 


5A 


1 


12A 










2N 


279 


G 


P 


2N650 


7-20 


AFA 


125M 


A 


75 




20 














20 


E 






~2"N" 




G 


P 


2N650 


7-20 


AFA 


I25M 


A 


tb 




2U 














3U 


b 






2N 
2N 


28 1 

282 


G 
G 


P 
P 


2N651 


7-20 


AFA 
AFA 


167M 


c 


75 


16 


16 




45 


1 20 












-35N 


B 


2N 


283 


G 


P 


2N650 


7-20 


MSA 


125M 


A 


75 


20 


20 














30 


E 






2N 




G 


P 






MSA 


125M 


A 


75 


32 


32 


















-35M 


B 


2N 


284A 


G 


P 






MSA 


125M 


A 


75 


60 


60 




is 














.35M 


B 


2N 


285 


G 


P 


2N3617 


6-113 


LPA 


25W 


C 


95 




35 


R 








.5 


1A 










2N 


285 A 


G 


P 


2N3617 


6-113 


LPA 


25W 


C 


95 




35 


R 








.5 


1A 










2N 


290 


G 


P 






LPA 


55W 


C 


95 


70 
























2N 


29 1 


G 


P 


2N1191 


7-30 


AFA 


180M 


A 


50 


25 
















30 


E 






"2"N~ 


2V2 


G 


N 






RFC 


6bM 


A 


85 


lb 


lb 


u 


— 5" 


— in* 
















2N 


293 


G 


N 






RFC 


65M 


A 


85 


15 


1 5 


0 




55 
















2N 


296 


G 


P 


2N1531 


6-36 


AFA 


20W 


c 


85 


60 






19 




1A 


1.0 


1A 






4K 


B 


2N 


297 


G 


P 


2N297A 


6-24 


LPA 


35W 


c 


95 


60 


5C 


s 


40 


I CO 


.5A 


1 


2A 






5K 


E 


2N 


297 A 


G 


P 




6-24 


LPA 


35W 


c 


95 


60 


50 


s 


40 


1 CO 


.5A 


1 


2A 






5K 


E 


2N 


299 


G 


P 






RFA 


20M 


A 


85 


5 


4.5 


V 
















90N 


M 


2N 


300 


G 


P 






VID 


20M 


A 


85 


5 


4. 5 


V 












1 1 


t 


85N 


M 


2N 


301 


G 


P 


2N3611 


6-110 


LPA 


1 1W 


A 


85 


40 
























2N 


30 1 A 


G 


P 


2N3612 


6-110 


LPA 


1 1W 


A 


85 


60 
























2N 


302 


G 


P 






RFA 


1 50M 


A 


85 


30 


10 


0 












45 


E 


7M 


B 


"2'N" 


303 


G 


P 






RFA 


15QM 


A 


85 


30 


10 


0 












75 


E 


14M 


B 


2N 


306 


G 


N 






AFA 


50M 


A 


75 


20 


15 


R 








.5 


. 1A 


25 


E 


.6M 


B 


2N 


30 7 


G 


P 




6-20 


LPA 


25W 


Q 


75 


35 


35 


R 


20 




.2A 


1 


.2A 






3K 


E 


2N 
2N 


30 7 A 
308 


G 
G 


P 
P 




6-20 


LPA 
RFA 


25W 
30M 


Q 

A 


75 
55 


35 


35 
20 


R 
0 


20 




.2A 


.8 


1A 






3.5K 


E 


2N 


309 


G 


P 






RFA 


30M 


A 


55 




20 


0 




















2N 


310 


G 


P 






RFA 


30M 


A 


.55 




30 


0 




















2N 


311 


G 


P 






PMS 


7 5M 


A 


.85 


15 


15 


a 


25 


75 


10M 


.075 


10M 










2N 


312 


G 


P 






PMS 


75M 


A 


85 


15 


15 


0 


25 


75 


TOM 


.075 


10M 










2N 


31 5 


G 


P 






MSA 


100M 


A 


85 


20 


15 


0 


15 


30 


100M 


.15 


100M 










2M 


M bA 


G 


P 






MSA 




A 


100 


30 


20 


0 


20 


50 


100M 


.15 


100M 










2N 


3!15B 


G 


P 






MSA 


150M 


A 


100 


30 


20 


0 


20 


50 


TOOM 


.15 


100W 










2N 


316 


G 


P 






MSA 


TO CM 


A 


85 


20 


10 


0 


20 


50 


200M 


.18 


200N 










2N 


316A 


G 


P 






MSA 


150M 


A 


100 


30 


15 


0 


20 


50 


200M 


.18 


200M 










2N 


31 7 


G 


P 






MSA 


TOOM. 


A 


85 


20 


6 


0 


20 


60 


40 OM 


.2 


400M 










2N 


317A 


G 


P 






MSA 


150M 


A 


100 


25 


10 


d 


20 


'60 


400M 


.2 


400M 










2N 


318 


G 


P 






SPP 


50M 


A 




1? 

























1-106 



Numerical Index 



2N319— 2N370 



TYPE 


1 


3 

o 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


P D 
@25°C 


2. 


h 
°C 


VcBO 

(volts) 


V CE - 
(volts) 


s 


(min) (max) =» 


V C E(SAT)@'C 

" (volts) I 




f_ 

2 


'5 


2N 319 
2N 320 
2N 321 
2N 322 
2N 323 
2N 324 
2N 325 
2N 326 
2N 327 
2N 327A 


G 
G 
G 
G 
G 
G 
G 
G 
S 
S 


p 
p 
p 
p 
p 
p 
p 

N 
P 
P 


2N319 
2N319 
2N319 
2N3I9 
2N319 
2N3611 


7-6 
7-6 
7-6 
7-6 
7-6 
6-110 


AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFA 
AFA 
AFA 
DFA 


225M 
225M 
225M 
140M 
140M 
140M 
12W 
7W 
350M 
385M 


A 
A 
A 
A 
A 
A 
C 
C 
A 
A 


85 
85 
85 
60 
60 
60 
85 
85 
160 
160 


18 
18 
18 

35 
35 
50 
50 


20 
20 
20 
18 
18 
18 
35 
35 

40 


R 
R 
R 
R 
R 
R 
S 
S 

0 


34 
53 
72 
30 
30 

9 


65 
125 
198 
60 
60 

22 


20M 
20M 
20M 
500M 
500M 

3M 


0.6 
0.6 

.3 


500M 
500M 

5M 


9 


E 


1M 
1 .5M 

2M 
150K 
150K 


B 
B 
B 
B 
B 


2N 327B 
2N 328 
2N 328A 
2N 328B 
2N 329 
2N 329A 
2N 329B 
2N 330 
2N 330A 
2N 33 1 


S 
S 
S 
S 
S 
S 
S 
S 
S 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 




7-8 


DFA 
AFA 
DFA 
DFA 
AFA 
DFA 
DFA 
AFA 
DFA 
AFC 


385M 
350M 
385M 
385M 
350M 
385M 
385M 
350M 
385M 
200M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
160 
160 
200 
160 
160 
200 
160 
160 
71 


50 
35 
50 
50 
30 
50 
50 
45 
50 
30 


40 

35 
35 

30 
30 

30 


0 

0 
0 

0 
0 

0 


9 

18 
18 

36 
36 


22 

44 
44 

68 
88 


3M 

3M 
3M 

3M 
3M 


.3 

.5 
.5 

.6 
.6 


5M 

10M 
10M 

15M 
15M 


18 
36 
9 


E 
E 
E 






2N 332 
2N 332A 
2N 333 
2N 333A 
2N 334 
2N 334A 
2N 334B 
2N 335 
2N 335A 
2N 335B 


S 
S 
S 
S 
S 
S 
S 

s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 






RFA 
AFC 
RFA 
AFC 
RFA 
AFC 
AFC 
RFA 
AFC 
AFC 


150M 
500M 
150M 
500M 
150M 
500M 
500M 
150M 
500M 
500M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


175 
175 
175 
175 
175 
175 
175 
175 
175 
175 


45 
45 
45 
45 
45 
45 
60 
45 
45 
60 


45 

45 

45 
60 

45 
60 


0 

0 

0 
0 

0 
0 


9 

18 

18 

15 
36 

28 


20 

40 

86 

85 
86 

90 


1M 
1M 


; 


5M 

5M 

5M 
5M 

5M 
5M 


.9 
.9 

.948 
.948 
.948 
.948 

18 
.973 
.973 

37 


B 
B 
B 
B 
B 
B 
E 
B 
B 
E 


2.5M 

2.5M 

8M 
8M 

2.5M 
2.5M 


B 

B 

B 
B 

B 
B 


2N 336 
2N 336A 
2N 337 
2N 337A 
2N 338 
2N 338A 
2N 339 
2N 339A 
2N 340 
2N 340A 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N. 






RFA 
AFC 
MSA 
AFC 
MSA 
AFC 
AFA 
RFA 
AFA 
RFA 


150M 
500M 
125M 
500M 
125M 
500M 
1W 
3W 
1W 
3W 


A 
A 
C 
A 
C 
A 
C 
A 
C 
A 


175 
175 
150 
175 
150 
175 
150 
200 
150 
200 


45 
45 
45 
45 
45 
45 
55 
60 
85 
85 


45 

55 
60 
85 
85 


0 

0 
0 
0 
0 


76 

20 
20 
45 
45 

20 

20 


333 

55 
55 
150 
150 

80 

80 


10M 
10M 
10M 
10M 


i 


5M 


.987 
.987 

19 

39 
.9 

25 
.9 

25 


B 
B 

E 

E 
B 
E 
B 
E 


2.5M 
10M 
15m 
20M 
25M 

10M 

10M 


B 
B 
B 
B 
B 

T 

T 


2N 34 1 
2N 341 A 
2N 342 
2N 342A 
2N 342B 
2N 343 
2N 343A 
2N 343B 
2N 344 
2N 345 


s 
s 
s 
s 
s 
s 
s 
s 

G 
G 


N 
N 
N 
N 
N 
N 
N 
N 
P 
P 






AFA 
RFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
RFC 
RFC 


1W 

3W 
1W 
1W 
750M 
1W 
1W 
750M 
20M 
20M 


C 
A 
C 
C 
A 
C 

c 

A 
A 
A 


150 
200 
150 
150 
175 
150 
150 
175 
55 
55 


125 
125 
60 
85 
85 
60 
60 
65 
5 
5 


85 
125 
60 
85 
85 
60 
60 
65 
5 
5 


0 
0 
0 
0 
0 
0 
0 
0 
V 
V 


20 


80 








.9 

25 
.9 
.9 

9 

.966 
.966 

28 
11 

25 


B 
E 
B 
B 
E 
B 
B 
E 
E 
E 


10M 

30M 
30M 


T 

M 
M 


2N 346 
2N 350A 
2tt 351A 
2N 352 
2N 353 
2N 354 
2N 355 
2N 356 
2N 356A 
2N 357 


G 
G 
G 
G 
G 
S 

s 

G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
N 
N 
N 


2N1536 
2N1536 


6-26 
6-26 
6-36 
6-36 


RFC 
LPA 
LPA 
LPA 
LPA 
RFA 
MSS 
MSA 
MSA 
MSA 


20M 
90W 
90W 
25W 
30W 
150M 
150M 
100M 
150M 
100M 


A 
J 
J 
C 
C 
A 
A 
A 
A 
A 


55 
100 
100 
100 
100 
140 
140 

85 
100 

85 


5 
50 
50 

25 
10 
20 
30 
20 


5 
40 
40 
40 
40 
25 
10 
18 
20 
15 


V 

s 
s 

R 
R 
U 
U 
0 
0 
0 


20 
25 
30 
40 

20 
20 
20 


60 
90 
140 
150 

50 
50 
50 


.7A 
.7A 

1A 
1A 

100M 
100M 

2.Q0M. 


1.75 
1.75 

.15 
.2 
.2 
.2 


3A 
4A 

5M 
100M 
100M 
2Q0M 


10 

9 
9 


E 

E 
E 


60M 
5K 

5k 

10K 
7K 
8M 
8P 


M 
E 
E 
E 
E 
M 
M 


2N 357A 
2N 358 
2N 358A 
2N 359 
2N 360 
2N 361 
2N 362 
2N 363 
2N 364 
2N 365 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


N 
N 
N 
P 
P 
P 
P 
P 
N 
N 


2N652 

2N1192 

2N1191 

2N1192 

2N1192 


7-20 
7-30 
7-30 
7-30 
7-30 


MSA 
MSA 
MSA 
AFC 
AFC 
AFC 
AFC 
AFC 
MSA 
MSA 


150M 
100M 
150M 
170M 
170M 
170M 
170M 
170M 
1 50M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


100 
85 

100 
85 
85 
85 
85 
85 

100 

100 


30 
20 
30 
25 
32 
32 
25 
32 
30 
30 


20 
12 
15 
18 
30 
30 
18 
28 


o 

0 
0 
R 
R 
R 
0 
0 


25 
20 
25 
100 
50 
25 


75 
50 
75 
300 
150 
75 


200M 
300M 
300M 
50M 
50M 
50M 


.2 
.2 
.2 


200M 
300M 
300M 


50 
25 
9 
19 


E 
E 
E 
E 


1M 
If* 


B 
B 


2N 366 
2N 367 
2N 368 
2N 369 
2N 370 


G 
G 
G 
G 
G 


N 
P 
P 
P 
P 


2N1191 
2N1191 
2N1191 
2N3324 


7-30 
7-30 
7-30 
9-66 


MSA 
MSA 
MSA 
MSA 
RFC 


150M 
100M 
100M 
100M 
80M 


A 
A 
A 
A 
A 


100 
75 
75 
75 
71 


30 
30 
30 
30 
24 
















49 
9 
19 
49 


E 
E 
E 
E 


1M 

300K 
400K 
500K 


B 
B 
B 
B 



1-107 



Numerical Index 



2N371 — 2N440 



TYPE 


| MATERIAL | 


| AiiUVlOd | 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 


oc 


Tj 
°C 


VCBO 

(volts) 


Vce- 
(volts) 


| 


hFE @ lc m 
(min) (max) = 


V CE(SAT)@'c M 

(volts) I 


"f- if 
\t 


f_ 

= 




2N 371 
2N 372 
2N 373 
2N 374 
2N 375 
2N 376A 
2N 377 
2N 377A 
2N 378 
2N 379 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
N 
N 
P 
P 


2N3324 
2N3324 

2N3325 


9-66 
9-66 

9-66 
6-28 
6-26 

6-31 
6-31 


RFC 
RFC 
RFC 
RFC 
LPA 
LPA 
MSS 
MSS 
PMS 
PMS 


80M 
80M 
80M 
80M 
58W 
90W 
150M 
150M 
50W 
50W 


A 
A 
A 
A 
C 
J 
A 
A 
C 
C 


71 
71 
71 
71 
95 
100 
100 
ICO 
100 
100 


24 
24 
25 
25 
80 
50 
25 
40 
20 
40 


60 
40 
20 
40 


s 
s 

V 
V 


35 
35 
20 
20 
40 
20 


90 
120 
60 
60 
80 
70 


1A 
.7A 

30M 
30M 
2A 
2A 


1 

1.75 

1 
1 


2A 
5A 
200M 

2A 
2A 






7K 
5K 
5M 

5K 
5K 


E 
E 
B 

E 
E 


2N 380 
2N 381 
2N 382 
2N 383 
2N 384 
2N 385 
2N 385A 
2N 386 
2N 387 
2N 388 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
N 
N 
P 
P 
N 


2N3325 

2N1531 
2N1531 


6- 31 

7- 10 
7-10 
7-10 
9-66 

6-56 
6-56 


PMS 
AFA 
AFA 
AFA 
RFC 
MSS 
MSS 
LPA 
LPA 
MSS 


50W 
.2W 
.2W 
.2W 

120M 
150M 
150M 
500M 
500M 
150M 


C 
A 
A 
A 
A 
A 
A 
C 
C 
A 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


30 
50 
50 
50 
40 
25 
40 
60 
80 
25 


25 
25 
25 
40 
25 
40 
60 
80 
20 


R 
R 
R 
0 
R 
V 
V 
V 
R 


30 
35 
60 
75 
20 
30 
30 
20 
20 
60 


70 
65 
95 
120 
175 
1 10 
1 10 

180 


2A 
20M 
20M 
20M 
1.5M 
30M 
30M 
2.5A 
2.5A 
30M 


1 


2A 


35 
70 
90 


E 
E 
E 


5K 

4M 
4M 
7K 
6K 
5M 


E 

B 
B 
E 
E 
B 


2N 388A 
2N 389 
2N 389A 
2N 392 
2N 393 
2N 394 
2N 394 A 
2N 395 
2N 396 
2N 396A 


G 
S 
S 
G 
G 
G 
G 
G 
G 
G 


N 
N 
N 
P 
P 
P 
P 
P 
P 
P 


2N3445 

2N1550 
2N967 


6-103 

6-63 
8-50 


MSS 
LPA 
LPA 
LPA 
MSS 
HSA 
HSA 
HSA 
HSA 
HSA 


150M 
85W 
85W 
48W 
2'5'M 
150M 
150M 
200M 
200M 
200M 


A 
C 

c 
c 

A 
A 
A 
A 
A 
A 


100 
200 
200 
95 
100 
85 
85 
100 
100 
100 


40 

60 
6 
10 
10 
30 
30 
30 


40 
60 
60 
40 
6 
10 
30 
15 
20 
20 


V 
R 
R 
R 
S 
0 
0 
R 
R 
0 


60 
12 
12 
60 
20 
20 
30 
20 
30 
30 


200 
60 
60 

150 

150 
120 
150 
150 
150 


.30M 
1A 
1A 
3A 
50M 
10M 
10M 
10M 
10M 
10M 


.75 
.5 
.07 

.2 
.2 
.2 


1A 

3A 
8M 

50M 
50 M 
50M 


40 


E 


5M 

1M 

25M 
4M 
4M 
3M 
5M 
5M 


B 

T 

T 
B 
B 
B 
B 
B 


2N 397 
2N 398 
2N 398A 
2N 3988 
2N 399 
2N 400 
2N 401 
2N 402 
2N 403 
2N 404 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N2043 
2N351A 
2N350A 
2N3611 
2N1191 
2N1191 


7-12 
7-12 
7-39 
6-26 
6-26 

6- 110 

7- 30 
7-30 


HSA 
IND 
AFA 
IND 
LPA 
LPA 
LPA 
AFA 
AFA 
MSS 


200M 
50M 
150M 
250M 
25W 
35 H 
25W 
180M 
180M 
150M 


A 
A 
A 
A 
C 
C 
C 
A 
A 
A 


100 

55 
100 
100 
90 
95 
90 
85 
85 
85 


30 
105 
105 
105 

25 

25 
25 
25 


15 
105 
105 
105 
35 
20 
35 
20 
20 


R 
S 
S 
S 
R 
0 
R 
0 
0 


40 
20 
20 
20 

40 


150 
300 


10M 

5M 
5M 
5M 

.5A 


.2 

.35 
.25 
1 

.8 

1 


50M 

5M 
5M 

1.2A 
1A 

1.2A 


20 
40 

25 


E 
E 

E 


10M 

1H 

3K 


B 

B 
E 


2N 404A 
2N 405 
2N 406 
2N 407 
2N 408 
2N 409 
2N 410 
2N 4 11 
2N 412 
2N 413 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N322 
2N322 
2N324 
2N324 


7-7 
7-7 
7-7 
7-7 


MSS 
AFC 
AFC 
AFC 
AFC 
RFC 
RFC 
RFC 
RFC 
RFA 


150M 
150M 
150M 
150M 
150M 
80M 
80M 
80M 
80M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


100 
71 
71 
71 
71 
71 
71 
71 
71 
85 


40 
20 
20 
20 
20 
13 
13 
13 
13 
30 


35 
18 


o 

0 


30 




12M 


0.15 


12M 






4M 


B 


2N 413A 
2N 414 
2N 414A 
2N 414B 
2N 414C 
2N 415 
2N 415A 
2N 416 
2N 417 
2N 418 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N1537 


6-56 


RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
PMS 


1 50M 
150M 
150M 
.2W 
.2W 
150M 
150M 
150M 
150M 
25W 


A 
A 
A 
A 
A 
A 
A 
A 

r. 


85 
85 
85 
100 
100 
85 
85 
85 
85 
100 


30 
30 
30 
30 
30 
30 
30 
30 
30 
100 


] 5 
15 
15 
24 
24 
10 
10 
12 
1C 
75 


o 

0 
0 
V 
V 

0 
0 
0 
0 

R. 


40 




4A 


? 


4A 


40 
'40 


E 
E 


4M 
4M 


B 
B 


2N 419 
2N 42G 
2N 420A 
2N 422 
2N 422A 
2N 424 
2N 424A 
2N 425 
2N 426 
2N 427 


G 
G 
G 
G 
G 
S 
S 
G 
G 
G 


P 
P 
P 
P 
P 
N 
N 
P 
P 
P 


2N1535 
21U537 
2H651 

2N3446 


6-56 

6- 56 

7- 20 

6-103 


LPA 
PMS 
PMS 
LNA 
LNA 
LPA 
LPA 
MSA 
MSA 
MSA 


35W 
25W 
25W 
150M 
175M 
85W 
85W 
175M 
175M 
175M 


c 
c 
c 

A 
A 
C 
C 
A 
A 
A 


95 
ICO 
100 
85 
100 
200 
200 
85 
85 
85 


25 
65 
90 
35 
35 

30 
.30 
30 


20 
40 
65 
20 
20 
80 
80 
20 
10 
15 


o 

R 
R 
0 
0 
R 
R 
0 
0 
0 


50 
40 
40 

12 
12 

20 
30 
40 


350 

60 
60 
40 
60 
80 


.5A 

4A 
4A 

1A 
1A 


.8 

2 
2 

.75 
.32 
.32 
.32 


1.5A 

4A 
4A 

1A 
100M 
100M 
150M 


25 
30 


E 
E 


3K 

1.5M 

1M 
2.5M 

3"M 
5M 


B 

T 

B 
B 
B 


2N 428 
2N 428A 
2N 438 
2N 438A 
2N 439 
2N 439A 
2N 440 


17 

G 
G 
G 
G 
G 
G 


"F 

P 
N 
N 
N 
N 
N 






MSA 
MSS 
MSS 
MSS 
MSS 
MSS 
MSS 


1 /5M 
. 15W 
. iw 
. 15W 

. lw 

.15W 
. 1W 


A 
A 
A 
A 
A 
A 
A 


85 
100 
85 
85 
85 
85 
85 


30 
30 
30 
30 
30 
30 
30 


12 
18 
25 
25 
20 
20 
15 


0 
0 
0 
0 
0 
0 
0 


60 
80 
20 
20 
30 
30 
40 




50M 
50M 
50M 
50M 
50M 


.32 
.32 


200M 
.2A 






10M 
10M 
2.5M 
2.5M 
5M 
5M 
10M 


B 
B 
B 
B 
B 
B 
B 



1-108 



Numerical Index 



2N440A — 2N502A 







I POLARITY 1 








MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


1 

2E 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


@25°C 




Tj 
°C 


VcBO 

(volts) 


V CE - 
(volts) 




h FE <£ 

(min) (max) 


' ' C ~ 


*CE(SAT) 

(volts) 


@l c m 










2N 440A 
2N 44 1 
2N 442 
2N 443 
2N 444 
2N 444A 
2N 445 
2N 445A 
2N 446 
2N 446A 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


N 
P 
P 
P 
N 
N 
N 
N 
N 
N 




6-32 
6-32 


MSS 
LPA 
LPA 
LPA 
AFA 
AFA 
AFA 
AFA 
MSA 
MSA 


. 15W 

50W 
50W 
50W 
100M 
150M 
100M 
150M 
100M 
150M 


A 
C 
C 
C 
A 
A 
A 
A 
A 
A 


85 
95 
95 
95 
85 

100 
85 

100 
85 

100 


30 
40 
50 
60 
15 
40 
15 
30 
15 
30 


15 
40 
45 
50 
15 
25 
12 
18 
10 
15 


0 
S 
S 

s 

0 
0 
0 
0 
0 
0 


40 
20 
20 
20 

20 

40 

60 


MO 
40 
40 

40 

160 

250 


50M 
5A 
5A 
5A 

20M 

20M 

20M 


1 


50M 
12A 


15 

35 
60 


E 
E 
E 


10M 

.5M 
.5M 
.5M 

2M 
5M 
5M 


B 

B 
B 
B 
B 
B 
B 


2N 447 
2N 447A 
2N 447B 
2N 448 
2N 449 
2N 450 
2N 456 
2N 456A 
2N 456B 
2N 457 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


N 
N 
N 
N 
N 
P 
P 
P 
P 
P 


2N456A 

2N1553 
2N457A 


6-35 
6-35 
6-36 
6-35 


MSA 
MSA 
MSA 
RFC 
RFC 
HSA 
LPA 
LPA 
LPA 
LPA 


100M 
150M 
150M 

65M 

65M 
150M 

50W 
150W 
150W 

50W 


A 
A 
A 
A 
A 
A 
C 

c 
c 


85 
100 
100 
85 
85 
85 
95 

100 

95 


15 
30 
25 
15 
15 
20 
40 
40 
40 
60 


6 
12 
12 
15 
15 
12 
40 
40 
30 
60 


0 
0 
0 
0 
0 
0 
X 
0 
0 
X 


80 
80 
8 
34 
30 

30 
30 


3C0 
300 
51 

90 
90 


20M 
20M 
1M 
1M 
10M 

5A 
5A 


.2 

1 

.5 
.5 

1 


10M 
5A 
5A 
5A 
5A 


85 
150 


E 
E 


5M 
9M 
9M 

5M 

4K 
200K 


B 
B 
B 

B 

E 
T 


2N 457A 
2N 457B 
2N 458 
2N 458A 
2N 458B 
2N 459 
2N 459A 
2N 460 
2N 461 
2N 462 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N1553 
2N458A 

2N1555 


6-35 
6-63 
6-35 
6-35 
6-63 
6-31 

6- 31 

7- 14 
7-14 


LPA 
LPA 
LPA 
LPA 
LPA 
PMS 
PMS 
AFA 
AFA 
BMS 


15 OW 
150W 

50H 
150W 
150W 

50W 
106W 

-2W 

.2W 
150M 


c 
c 

c 
c 
c 
c 

A 
A 
A 


100 

95 

100 
100 
110 
100 
100 
75 


60 
60 
80 
80 
80 
60 
105 
45 
45 
40 


60 
40 
80 
80 
45 

60 


0 
0 
X 
0 
0 

0 


30 
30 

30 
30 
20 
40 
16 
32 
20 


90 
90 

90 
90 
70 
70 
32 
100 


5A 
5A 

5A 
5A 
2A 
2A 

200M 


.5 
.5 

1 

.5 
.5 

1 

• 3 


5A 
5A 
5A 
5A 
5A 
2A 
2A 






4K 
200K 

4K 
200K 
5K 
5K 

500K 


E 
T 

E 
T 
E 
E 

B 


2N 463 
2N 464 
2N 465 
2N 466 
2N 467 
2N 469 
2N 469A 
2N 470 
2N 471 
2N 471A 


G 
G 
G 
G 
G 
G 
G 
S 
S 
S 


P 
P 
P 
P 
P 
P 
P 
N 
N 
N 


2N1555 


6- 63 

7- 15 
7-15 
7-15 
7-15 


LPA 
AFA 
AFA 
AFA 
AFA 
SPP 
SPP 
RFA 
AFA 
AFA 


37. 5W 
150M 
150M 
150M 
150M 
50M 
50M 
.2W 
.2W 
.2W 


c 

A 
A 
A 
A 
A 
A 
A 
A 
A 


100 

85 
85 
85 
85 
75 
85 
200 
200 
200 


60 
45 
45 
35 
35 
6 
20 
15 
30 
30 


60 
40 
30 
20 
15 

15 
15 
30 
30 


0 
0 
0 
0 

R 
0 
0 
0 


20 
10 


60 


2A 
1M 


1.5 
1.5 

1 


5M 
5M 
5M 


30 
10 
10 
10 


E 
E 
E 
E 


4K 

8M 
8H 
8M 


E 

T 
T 
T 


2N 472 
2N 472A 
2N 473 
2N 474 
2N 474A 
2N 475 
2N 475A 
2N 476 
2N 477 
2N 478 


S 

s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 






RFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
RFA 


.2W 
.2W 
.2W 
.2W 
.2W 
.2W 
.2W 
.2W 
• 2W 
.2W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
200 
200 
200 
200 
200 
200 
200 


45 
45 
15 
30 
30 
45 
45 
15 
30 
15 


45 
45 
15 
30 
30 
45 
45 
15 
30 
15 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


10 
10 






1.5 

1 

1.5 
1.5 

1 

1-5 
. 1 
1.5 
1.5 
1.5 


5M 
5M 
5M 
5M 
5M 
5M 
5M 
5M 
5M 
5M 


10 
10 

20 
20 
20 
20 
20 
30 
30 
40 


E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


8H 
8M 
8M 
8M 
8« 
8M 
8M 
12M 
12M 
20M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2N 479 
2N 479A 
2N 480 
2N 480A 
2N 48 1 
2N 482 
2N 483 
2N 484 
2N 485 
2N 486 


s 
s 
s 
s 

G 
G 
G 
G 
G 
G 


N 
N 
N 
N 
P 
P 
P 

P 
P 






RFA 
AFA 
RFA 
AFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 


.2W 
,2W 
.2W 
.2W 

150M 
150M 
150M 
150M 
150M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
200 
85 
85 
85 
85 
85 
85 


30 
30 
45 
45 
12 
12 
12 
12 
12 
12 


30 
30 
45 
45 
12 
12 
12 
12 
12 
12 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


10 
10 






1.5 

1 

1.5 

1 


5M 
5M 
5M 
5M 


40 
40 
40 
140 


E 
E 
E 
E 


20M 
20M 
20H 
20M 


T 
T 
T 
T 


2N 487 
2N489 

2N494 
2N 495 
2N 496 
2N 497 
2N 497A 
2N 498 
2N 498A 


G 

S 
S 
S 

s 
s 
s 


P 

p 

N 
N 
N 
N 


unction 1 

2N3498 
2N3498 


r<uisi.stoi 

8-161 
8-161 


AFC 

RFA 
MSS 
AFA 
AFA 
AFA 
AFA 


1CCM 

ee Tabic 

150M 
150M 
4W 
5W 
4W 
5W 


A 

o 

A 
A 

c 
c 
c 
c 


85 
i Paj 

140 
140 
200 
200 
200 
200 


18 

e 1-] 

25 
10 
60 
60 
100 
100 


18 
77 

25 
10 
60 
60 
100 
100 


R 

u 
u 

0 
0 
0 
0 


20 

15 
12 
12 
12 
12 


36 
36 
36 
36 


1M 

15M 
200M 
200M 
200M 

pnnM 


. 15 


5M 


10 

15 

9 


E 

E 
E 


10M 
7.2M 


T 

M 
T 


2N 499A 
2N 500 
2N 501 
2N 501A 
2N 502 
2N 502A 


VJ 

G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 


2N3328 

2N3323 

2N3323 

2N960 

2N960 

2N3283 

2N3284 


9-66 
9-66 
9-66 
8-48 

8- 48 

9- 44 
9-44 


RFA 
RFA 
RFA 
HSS 
HSS 
RFA 
RFA 


30M 
60M 
50M 
60M 
60M 
60M 
75M 


A 
A 
A 
A 
A 
A 
A 


85 
100 

85 
100 
100 

85 
100 


30 
30 
20 
15 
15 
20 
30 


18 
18 
15 
12 
12 
20 
30 


0 
0 

s 
s 
s 
s 


20 
30 




10M 
10M 


.2 
.2 


10M 
10M 


20 

9 
15 


E 

E 
E 


120K 
120K 

90M 
90M 
220H 
220K 


T 
T 

T 
T 
T 
T 



1-109 



Numerical Index 



2N502B — 2N554 

















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


1 


E- 
3 

o 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 


£ 


h 

°c 


VcBO 

(volts) 


v CE - 

(volts) 


js 


(min) (max) 


> "c „ 


VcE(SAT) 

(volts) 


@l c 


"f — 




f_ 

2 


a 
% 


2N 
2N 


502B 
503 


G 
G 


p 

p 


2N3284 


9-44 


RFC 
RFA 


75M 
25M 


A 
A 


100 
85 


30 
20 


30 
20 


s 
s 












20 

9 


E 
E 


168N 


T 


2N 


504 


G 


p 


2N3323 


9-66 


RFA 


30M 


A 


85 


35 


25 


s 


20 


2C0 


10M 






16 


E 


50N 


M 


2N 


506 


G 


p 






AFA 


50M 


A 


85 


40 






25 


50 


50M 


0.6 


50M 






600K 


B 


2N 


50 7 


G 


N 






AFA 


50M 


A 


85 


40 






25 


50 


50M 


0.6 


50M 






600K 


B 


2N 
2N 


508 
508A 


G 
G 


P 
P 


2N508 
2N1189 


7.-7 
7-28 


AFC 
AFA 


200M 
-2W 


A 
A 


100 
100 


18 

30 


18 

30 


R 

s 


99 
100 


198 
200 


20M 
20M 






75 


E 


2.5N 
2.5N 


B 
B 


2N 


509 


G 


P 






RFA 


225M 


A 


100 


30 
















.96 


B 


400M 


T 


2N 
2N 


51 1 
5 1 1 A 


G 
G 


P 
P 


2N1554 
2N1555 


6-63 
6-63 


LPA 
LPA 


150W 
150W 


C 
C 




40 
60 






20 
20 


60 
60 


10A 
10A 


.5 
.5 


10A 
10A 






260K 
260K 


T 
T 


2N 


5 11 B 


G 


P 


2N1556 


6-63 


PMS 


150W 


C 




SO 






20 


60 


lOA 


.5 


lOA 






260K 


T 


2N 
2N 


512 
512A 


G 
G 


P 
P 


2N1558 
2N1559 


6-63 
6-63 


LPA 
LPA 


150W 
150W 


C 
C 




40 
60 






20 
20 


60 
60 


15A 
ISA 


.75 
.75 


15A 
15A 






280K 
260K 


T 
T 


2N 


5128 


G 


P 


2N1560 


6-63 


PMS 


150W 


C 




80 






20 


60 


15A 


.5 


10A 






260K 


T 


2N 


5 1 3 


G 


.P 


2N1163 


6-49 


LPA 


150W 


C 




40 






20 


60 


20A 


1.25 


20A 






300K 


T 


2N 


513A 


G 


P 


2N1165 


6-49 


LPA 


150W 


C 




60 






20 


60 


20A 


1.25 


20A 






260K 


T 


2N 
2N 


513B 
514 


G 
G 


P 
P 


2N1167 
2N1163 


6-49 
6-49 


PMS 
PMS 


150W 
80W 


C 
C 


95 


80 
40 


40 


X 


20 


60 


20A 


.5 

1.25 


10A 

25A 






260K 


T 


2N 


5 14A 


G 


P 


2N1165 


6-49 


PMS 


80W 


C 


95 


60 


60 


X 








1.25 


25A 










2N 


514B 


G 


P 


2N1167 


6-49 


PMS 


80W 


C 


95 


80 


80 


X 








1.25 


25A 










2N 


5 1 5 


G 


N 






RFC 


50m 


A 


75 


20 


18 


R 












4 


E 


2M 


B 


2N 


516 


G 


N 






RFC 


50M 


A 


75 


20 


18 


R 












4 


E 


2M 


B 


2N 


5 1 7 


G 


N 






RFC 


50M 


A 


75 


20 


18 


R 












4 


E 


2M 


B 


2N 


518 


G 


P 






MSS 


. 15W 


A 


85 


45 


12 


0 


60 




10M 


. 15 


10M 






10M 


B 


2N 


519 


G 


P 






MSA 


100M 


A 


85 


15 


15 


0 












15 


E 


.5M 


B 


2N 


5 19A 


G 


P 






MSA 


150M 


A 


100 


25 


18 


0 


20 


50 


20M 






15 


E 


.5M 


B 


2N 


520 


G 


P 






MSA 


100M 


A 


85 


15 


12 


0 












20 


E 


3M 


B 


2N 


520 A 


G 


P 






MSA 


150M 


A 


100 


25 


15 


0 


40 


1 70 


20M 






40 


E 


3K 


B 


2N 


521 


G 


P 






MSA 


100M 


A 


85 


15 


10 


0 












35 


E 


8M 


B 


2N 


521 A 


G 


P 






MSA 


150M 


A 


100 


25 


12 


0 


60 


250 


20M 






70 


E 


8K 


B 


2N 


522 


G 


P 






MSA 


100M 


A 


85 


15 


8 


0 












60 


E 


15H 


B 


2N 


522A 


G 


P 






MSA 


150M 


A 


100 


25 


10 


0 


80 


320 


20 M 






100 


E 


15M 


B 


2N 


523 


G 


P 






MSA 


100M 


A 


85 


15 


6 


0 












80 


E 


21M 


B 


2N 


523A 


G 


P 






MSA 


150M 


A 


100 


20 


6 


0 


100 


400 


20M 






125 


E 


21M 


B 


2N 


524 


G 


P 




7-17 


AFA 


225M 


A 


100 


45 


30 


R 


25 


42 


20M 


.13 


20M 


16 


E 


800K 


B 


2N 


524A 


G 


P 




7-17 


AFA 


225M 


A 


100 


45 


30 


R 


25 


42 


20M 


.13 


20M 


18 


E 


.8M 


B 


2N 


525 


G 


P 




7-17 


AFA 


225M 


A 


100 


45 


30 


R 


34 


65 


20M 


.13 


20M 


30 


E 


1M 


B 


2N 


525A 


G 


P 




7-17 


AFA 


225M 


A 


100 


45 


30 


R 


34 


65 


20M 


.13 


20M 


30 


E 


1M 


B 


2N 


526 


G 


P 




7-17 


AFA 


225M 


A 


100 


45 


30 


R 


53 


90 


20M 


.13 


20M 


44 


E 


1 .3K 


B 


2N 


526A 


G 


P 




7-17 


AFA 


225M 


A 


100 


45 


30 


R 


53 


90 


20M 


.13 


20M 


44 


E 


1.3M 


B 


2N 
2N 
2N 


527 

527A 

528 


G 
G 

Q 


P 
P 
^ 




7-17 


APA 
AFA 


225M 
225M 
2.5W 


A 
A 
C 


100 
100 
100 


45 
45 
40 


30 
30 
40 


R 
R 


72 
72 
20 


121 
121 


20H 
20M 
.5A 


.13 
. 13 


2UM 
20M 


60 
60 


b 
E 


l.bM 
1.5M 


B 
B 


2N 


529 


G 










100M 


A 


85 


15 


15 


0 




















2N 


530 


G 










100M 


A 


85 


15 


15 


0 




















2N 


531 


G 










100M 


A 


85 


15 


15 


0 




















2N 


532 


G 










100M 


A 


85 


15 


15 


0 




















2N 
2N 
2N 


533 
534 
535 


G 
G 
G 


P 
P 


2N1192 


7-28 
7-30 


AFA 
LNA 


100M 
25M 
50M 


A 
A 
A 


85 
65 
85 


15 
50 
20 


15 
50 
20 


0 
U 
U 












35 
35 


E 
E 






2N 


535A 


G 


P 


2N1192 — 


7-30 


LNA 


bUM 


A 


8b 


2U 


2U 


U 












35 


b 






2N 
2N 


535B 
536 


G 
G 


P 


2N1193 


7-30 


LNA 
MSS 


50M 
50M 


A 
A 


85 
85 


20 
20 


20 
20 


U 
U 


100 




30M 


.13 


10M 


35 


E 


1M 


B 


2N 
2N 


537 
538 


G 
G 


P 
P 


2N2140 


6 74 


RFA 
PMS 


34W 


J 


100 

95 


30 
80 


60 




20 


50 


2A 


4 
.6 


70M 
2A 


.9 


B 






2N 


538A 


G 


P 


2N2140 


6-74 


PMS 


34W 


J 


95 


80 


60 




20 


50 


2A 


.6 


2A 










2N 
2N 
2N 


539 

539A 

540 


G 
G 
G 


P 
P 
P 


2N2145 
2N1551 


6-74 
6-63 


PMS 
PMS 
PMS 


34W 
11W 
34W 


J 
J 
J 


95 
95 
95 


80 
80 
80 


55 
55 
55 




30 
30 
45 


75 
75 
1 13 


2A 
2A 
2A 


.6 
.6 
.6 


2A 
2A 
2A 










2N 


540A 


G 


P 


2N1551 


6-63 


PMS 


34W 


J 


95 


80 


55 




45 


1 13 


2A 


.6 


2A 










2N 


54 1 










VIO 


.2W 


A 


200 


lb 


lb 


U 








1.5 


5M 


80 


E 


10M 


T 


2N 


54 1 A 


S 


N 






AFA 


.2W 


A 


200 


15 


15 


0 


20 






1 


5M 


80 


E 


8M 


T 


2N 
2N 


542 
542A 


** 

s 


N 
N 






VIO 
AFA 


.2W 
.2W 


A 
A 


200 
200 


30 
30 


30 
30 


u 

0 


20 






1.5 

1 


5M 
5M 


80 
80 


E 
E 


10M 
10M 


T 
T 


2N 


543 


s 


N 






VID 


.2W 


A 


200 


50 


50 


u 








1.5 


5M 


80 


E 


10M 


T 


2N 
2N 


543A 
544 


s 

G 


N 
P 






AFA 
RFC 


.2W 

80M 


A 
A 


200 
71 


45 
34 


45 


0 


20 






1 


5M 


80 


E 


10M 


T 


2N 


545 


S 


N 






RFA 


5W 


C 


200 


60 


60 


0 


15 


80 


.5A 


5 


.5A 










2N 
2N 


546 
547 


S 
S 


N 
N 


2N3766 


6-134 


RFA 
RFA 


5W 
5W 


C 
C 


200 
200 


30 
60 


30 
60 


0 
0 


15 
20 


80 
80 


.5A 
.5A 


3 
5 


.5A 
.5A 






4M 


T 


2N 


35T 




H 


MJ JiUl 


fo-OZ 


RhA 


5W 


X 


200 


30 


30 


0 


20 


ao 


.5A 


3 


.5A 






4M 


T 


2N 


549 


s 


N 






RFA 


5W 


C 


200 


60 


60 


0 


20 


80 


.2A 


4 


.2A 






4M 


T 


2N 


550 


s 


N 






RFA 


5W 


C 


200 


30 


30 


0 


20 


80 


.2A 


4 


.2A 






4M 


T 


2N 


551 


s 


N 






RFA 


5W 


C 


200 


60 


60 


0 


20 


80 


50M 


2 


50M 






3M 


T 


2N 
2N 
2N 


552 
553 
554 


s 

G 
G 


N 
P 
P 


2N2144 


6-74 
6-18 


RFA 
PMS 
LPA 


5W 
35W 

low 


C 
C 
J 


200 
95 
90 


30 
80 


30 


0 


20 
40 


80 
80 


50M 
500M 


2 
.9 


50M 
3A 






3M 


T 



1-110 



Numerical Index 



2N555 — 2N632 

















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


E 


3 
<=> 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 

@25 C 


•| 

2: 


Tj 
°C 


VcBO 

(volts) 


v CE _ 

(volts) 


— 


h FE @ l c „ 
(min) (max) = 


^CE(SAT) 

(volts) 


@l c 

=> 




is> 


f_ 

3 




2H 


555 


G 


P 




6-18 


LPA 


10W 


j 


90 


40 




















5K 


B 


2N 


556 


G 


N 


2N1551 


6-63 


MSS 


100M 


A 


85 


25 


20 


X 


35 


70 


1M 


0.5 


200M 










2N 


557 


G 


N 






MS S 


100M 


A 


85 


20 


2C 


X 


20 




1 M 


0.5 


200M 










2N 


558 


G 


N 






MSS 


100M 


A 


75 


15 


15 


X 


60 




1M 


.75 


200M 










2N 


559 


G 


P 






HSS 


. 15W 


A 


100 


15 


15 










.3 


10M 










2N 


560 


S 


N 






HSS 


500M 


A 


150 




60 


S 


20 






.5 


10M 










2N 


56 1 


G 


P 






AFC 


50W 


A 


100 


80 


50 


0 




















2N 


563 


G 


P 


2N650 


7-20 


MSA 


150M 


A 


85 


30 


25 


0 


1 0 


30 
















2N 


564 


G 


P 


2N650 


7-20 


MSA 


120M 


A 


85 


30 


25 


0 


10 


30 
















2N 


565 


G 


P 


2N651 


7-20 


MSA 


150M 


A 


85 


30 


25 


0 


30 


50 
















2N 


566 


G 


P 


2N651 


7-20 


MSA 


120M 


A 


85 


30 


25 


0 


30 


50 
















2N 


567 


G 


P 


2N651 


7-20 


MSA 


150M 


A 


85 


30 


25 


0 


50 


70 
















2N 


568 


G 


P 


2N651 


7-20 


MSA 


120M 


A 


85 


30 


25 


0 


50 


70 
















2N 


569 


G 


P 


2N1193 


7-30 


MSA 


150M 


A 


85 


30 


20 


0 


70 


1 00 
















2N 


570 


G 


P 


2N1192 


7-30 


MSA 


120M 


A 


85 


30 


20 


0 


70 


1 00 
















2N 


571 


G 


P 


2N1193 


7-30 


MSA 


150M 


A 


85 


30 


10 


0 


100 


















2N 


572 


G 


P 


2N1193 


7-30 


MSA 


120M 


A 


85 


30 


10 


0 


100 


















2N 


573 


G 


P 






AFA 


.2W 


A 


100 


40 


25 


0 


30 


300 


50M 














2N 


574 


G 


P 


2NL550 


6-63 


PMS 


180W 


J 


100 


60 


55 


0 


9 


22 


10A 


.2 


10A 










2N 


574A 


G 


P 


2NL551 


6-63 


PMS 


180W 


J 


100 


80 


60 


0 


9 


22 


10A 


.2 


10A 










2N 


575 


G 


P 


2N1554 


6-63 


PMS 


180W 


J 


100 


60 


50 


0 


19 


42 


10A 


.5 


25A 










2N 


575A 


G 


P 


2NL555 


6-63 


PMS 


180W 


J 


100 


80 


55 


0 


19 


42 


10A 


.5 


25A 










2N 


576 


G 


N 






MSS 


200M 


A 


100 


20 


20 


R 


20 


60 


400M 


.4 


400M 






2N 


B 


2N 


576A 


G 


N 






MSS 


200M 


A 


100 


40 


20 


R 


20 


60 


400M 


.4 


400M 






5N 


B 


2N 


577 




P 






SPP 


25M 


A 


55 


25 
























2N 


578 


G 


P 






MSS 


120M 


A 


71 


20 






10 




400M 


.3 


400M 






3N 


B 


2N 


579 


G 


P 






MSS 


120M 


A 


71 


20 






20 




400M 


.3 


400M 






5M 


B 


2N 
2N 
2N 


580 
58 1 
582 


G 
G 
G 


P 
P 
P 






MSS 
MSS 
MSS 


120M 
80M 
120M 


A 
A 
A 


71 
71 
71 


20 
18 
25 






30 
20 
40 




400M 
20M 
20M 


.3 
.3 


400M 
20M 
IOOM 






10M 
4M 
14M 


B 
B 
B 


2N 


t>83 


G 


P 






MSS 


HUM 


A 


/ 1 


18 














20M 






4N 


tr 


2N 


584 


G 


P 






MSS 


120M 


A 


71 


25 






40 




20M 


.3 


IOOM 






14M 


B 


2N 
2N 


585 
586 


Q 

G 


^ 
P 


2N1191 


7-30 


MSS 
MSS 


120M 
250M 


A 
A 


71 

85 


25 
45 






20 
35 




20M 
250M 


.2 
.5 


20M 
250M 






3F 


B 


2N 


587 


G 


N 






MSS 


150M 


A 


100 


40 


20 


R 


20 




200M 


.5 


200M 










2N 


588 


G 


P 


2N3324 


9-66 


RFA 


30M 


A 


85 


15 


15 


s 
















200N 


M 


2N 


588A 


G 


P 






RFA 


60M 


A 


85 


15 


15 


s 


30 




10M 


.2 


10M 






200F 


M 


2N 


591 


G 


P 


2N1192 


7-30 


AFC 


50M 


A 


71 


32 


32 


0 




















2N 


592 


G 


P 






BMS 


125M 


A 


85 


20 


20 


0 


20 


















2N 


593 


G 


P 






BMS 


125M 


A 


85 


40 


30 


0 


30 


















2N 


bV4 


G 


N 






bMb 


IOOM 


A 


■■Hb" 


2U 


2U 


u 
















T75K 




2N 


595 


G 


N 






BMS 


100M 


A 


85 


15 


15 


0 


35 














3M 


E 


2N 


596 


^ 


N 






BM S 


IOOM 


A 


85 


10 


10 


0 


50 














5H 


E 


2N 


597 


G 


P 


2N3427 


7-41 


MSS 


250M 


A 


100 


45 


40 


s 


40 




IOOM 


.2 


10M 






3M 


B 


2N 
2N 


598 
599 


G 
G 


P 
P 


2N3427 
2N3428 


7-41 
7-41 


MSS 
MSS 


25CM 
250M 


A 
A 


100 
100 


35 
30 


35 
20 


s 
s 


70 
100 


225 


IOOM 
IOOM 


.2 
.2 


10M 
10M 






5.6M 

10M 


T 
T 


2N 


600 


G 


P 


2N3427 


7-41 


PMS 


750M 


C 


100 


35 


35 


s 


70 


225 


IOOM 


.2 


10M 






5.6N 


T 


2N 


60 1 


G 


P 


2N3428 


7-41 


PMS 


750M 


C 


100 


30 


20 


s 


1 00 




IOOM 


.2 


10M 






1 ON 


T 


2N 


602 


G 


P 






HSA 


120M 


A 


85 


20 


20 


a 


20 


80 




.25 


10M 






1 OH 


T 


2N 


603 


G 


P 






HSA 


12CM 


A 


85 


30 


20 


0 


30 


1 00 




.25 


15M 






30N 


T 


2N 


6U4 


G 


P 






HJsA 


I^UM 


A 


8b 




ZU 


u 


4U 


1 4U 




.25 


2UM 






5UH 


T 


2N 


605 


G 


P 






RFA 


. 12W 


A 


85 


15 


15 


0 




















2N 


606 


G 


P 






RFA 


. 12W 


A 


85 


15 


15 


0 




















2N 


607 


G 


P 






RFA 


. 12W 


A 


85 


15 


15 


0 




















2N 


608 


G 


P 






RFA 


. 12W 


A 


85 


15 


15 


0 




















2N 


609 


G 


P 


2N1193 


7-30 


AFA 


180M 


A 


85 


25 


15 


0 




















2N 


610 


G 


P 


2N1193 


7-30 


AFA 


180M 


A 


85 


25 


15 


0 




















2N 


6 1 1 


G 


P 


2N1192 


7-30 


AFA 


180M 


A 


85 


25 


15 


0 




















2N 


612 


G 


P 


2N11-91 


7-30 


AFA 


180M 


A 


85 


25 


15 


0 




















2N 


6 1 3 


G 


P 


2N1191 


7-30 


AFA 


180M 


A 


85 


25 


15 


0 




















2N 


614 


G 








RFA 


180M 


A 


85 


20 


15 


0 




















2N 


615 


G 


P 






RFA 


180M 


A 


85 


20 


15 


0 




















2N 


6 16 


G 


P 






RFA 


180M 


A 


85 


15 


12 


0 




















2N 


617 


G 


P 






RFA 


180M 


A 


85 


15 


12 


0 




















2N 


618 


G 


P 




6-28 


LPA 


90W 


C 


95 


80 


60 


s 


60 


140 


1A 


.8 


2A 






5K 


E 


2N 


6 1 9 


S 


N 






AFA 


175M 


A 


160 


50 


40 


0 


9 


22 


5M 


.5 


8M 






200K 


B 


2N 


620 


S 


N 






AFA 


175M 


A 


160 


50 


35 


0 


18 


44 


5M 


.4 


8M 






250K 


B 


2N 


621 


S 


N 






AFA 


175M 


A 


160 


50 


30 


0 


36 


£8 


5M 


.3 


8M 






300K 


B 


2N 


622 


s 


N 






DFA 


385M 


A 


160 


50 


30 


0 
















300K 


B 


2N 


624 


G 


P 






RFA 


IOOM 


A 


100 


30 


20 


s 












20 


E 


20M 


E 


2N 


625 


G 


N 






Mbb 


IbUUM 


C 


1 uu 


40 


30 




20 




500M 


1.0 


500M 










2N 


627 


G 


P 






LPA 


90W 


C 


100 


40 


30 


s 


10 


30 


10A 


1 


10A 






5K 


E 


2N 


628 


G 


P 






LPA 


90W 


c 


100 


60 


45 


s 


10 


30 


10A 


1 


10A 






5K 


E 


2N 


629 


G 


P 






LPA 


90W 


c 


100 


80 


60 


s 


10 


30 


10A 


1 


1 0A 






5K 


E 


2N 


630 


G 


P 






LPA 


90W 


c 


100 


100 


75 


s 


10 


30 


10A 


1 


10A 






5K 


E 


2N 


631 


G 


P 


2N1194 


7-30 


AFA 


167M 


A 


85 


25 


20 


R 




















2N 


632 


G 


P 


2N1193 


7-30 


AFA 


167M 


A 


85 


36 


20 


R 
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MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


■S 

£ 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


@25°C 


K 


h 
°C 


VcBO 

(volts) 


Vce- 
(volts) 




(min) (max) 




^CE(SAT) 

(volts) 


@l c 


h,_ 




f_ 

=> 




2N 633 
2N 634 
2N 634A 
2N 635 
2N 635A 
2N 636 
2N 636A 
2N 637 
2N 637A 
2N 637B 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


p 

N 
N 
N 
N 
N 
N 
P 
P 
P 


2N1192 

2N1535 
2N1537 
2N1538 


7-30 

6-56 
6-56 
6-56 


AFA 
HSA 
MSA 
HSA 
MSA 
HSA 
MSA 
PMS 
PMS 
PMS 


167M 
150M 
2.5M 
150M 
2.5M 
150M 
2.5M 
60W 
60W 
60W 


A 
A 
J 
A 
J 
A 
J 
C 
C 

c 


85 
85 
85 
85 
85 
85 
85 
100 
100 
100 


35 
20 
25 
20 
25 
20 
25 


30 
20 
20 
20 
20 
20 
15 
35 
65 
75 


R 
0 
R 
0 
R 
0 
R 
R 
R 
R 


15 
40 
25 
80 
35 
100 
30 
30 
30 


120 

240 

300 
60 
60 
60 


200M 
10M 
200M 
10M 
200M 
10M 
3A 
3A 
3A 


.2 

.2 

.15 
1.5 
1.5 
1.5 


10M 

10H 

ION 
3A 
3A 
3A 






5M 
5M 
10M 
10M 
15M 
15M 


B 
B 
B 
B 
B 
B 


2N 638 
2N 638A 
2N 638B 
2N 639 
2N 639A 
2N 639B 
2N 640 
2N 641 
2N 642 
2N 643 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N1530 
2N1532 
2N1533 
2N1530 
2N1532 
2N1533 

2N2955 


6-56 
6-56 
6-56 
6-56 
6-56 

8-119 


PMS 
PMS 
PMS 
PMS 
PMS 
PMS 
AFC 
AFC 
AFC 
MSS 


60W 
60W 
60W 
37W 
37W 
37W 
80M 
80M 
80M 
120M 


c 
c 
c 
c 
c 
c 

A 
A 
A 
A 


100 
100 
100 
100 
100 
100 
71 
71 
71 
71 


34 
34 
34 
30 


35 
65 
75 
35 
65 
75 


R 
R 
R 
R 
R 
R 


20 
20 
20 
15 
15 
15 

20 


40 
40 
40 


3A 
3A 
3A 
3A 
3A 
3A 


1 
2 
2 

2.5 
2.5 
2.5 


3A 
3A 
3A 
3A 
3A 
3A 






20M 


T 


2N 644 
2N 645 
2N 646 
2N 647 
2N 649 
2N 650 
2N 650A 
2N 651 
2N 651A 
2N 652 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
N 
N 
N 
P 
P 
P 
P 
P 


2N2955 
2N2955 


8-119 
8-119 

7-20 
7-20 
7-20 
7-20 
7-20 


MSS 
MSS 
AFC 
AFC 
AFC 
AFA 
AFA 
AFA 
AFA 
AFA 


120M 
120M 
100M 
100M 
100M 
.2W 
• 2W 
,2W 
.2W 
.2W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


71 
71 

85 
71 
71 
100 
100 
100 
100 
100 


30 
30 
25 
25 
20 
45 
45 
45 
45 
45 


25 
25 
18 
30 
30 
30 
30 
30 


0 
0 
0 
R 
R 
R 
R 
R 


20 
20 
50 

30 
33 
45 
45 
80 


150 


30M 

10M 
10M 
10M 
10M 
10M 


.25 
.25 
.25 
.25 
.25 


50M 
50M 
50M 
50M 
50M 


30 
30 
50 
50 
100 


E 
E 
E 
E 
E 


20M 
20M 

.75M 
.75M 
1M 
1M 


T 

T 

E 
B 
E 
B 


2N 652A 
2N 653 
2N 654 
2N 655 
2N 656 
2N 656A 
2N 657 
2N 657A 
2N 658 
2N 659 


G 
G 
G 
G 
S 
S 
S 
S 
G 
G 


P 
P 
P 
P 
N 
N 
N 
N 
P 
P 


2N3498 
2N3498 


7-20 
7-20 
7-20 

7- 20 

8- 161 

8-161 


AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
MSA 
MSA 


.2W 
.2W 
.2W 
.2W 

4W 
5W 
4W 
5W 
167M 
167M 


A 
A 
A 
A 
C 
C 

c 
c 

A 
A 


100 
100 
100 
100 
200 
200 
200 
200 
85 
85 


45 
30 
30 
30 
60 
60 
100 
100 
25 
25 


30 
25 
25 
25 
60 
60 
100 
100 
16 
14 


R 
R 
R 
R 
0 
0 
0 
0 
0 
0 


80 
20 
40 
70 
30 
30 
30 
30 
25 
40 


90 
90 
90 
90 
80 
1 10 


10M 
10M 
10M 
10M 
200M 
200M 
200M 
200M 


.25 

3.45 
3.5 


50M 

150M 
250M 


100 
30 
50 

100 


E 
E 
E 
E 


2.5M 

5N 


B 
B 


2N 660 
2N 661 
2N 662 
2N 663 
2N 665 
2N 669 
2N 670 
*2N 671 
2N 672 
2N 673 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N2143 

2N3428 
2N3428 
2N3428 
2N3428 


6-74 
6-38 

6- 16 

7- 41 
7-41 
7-40 
7-40 


MSA 
MSA 
MSA 
PMS 
PMS 
LPA 
AFA 
AFA 
AFA 
AFA 


167m 

16 7M 
167M 
35W 
35W 
62. 5 W 
300M 
800M 
300M 
800M 


A 
A 
A 
C 
C 

c 

A 
C 
A 
C 


85 
85 
85 

100 
95 

100 
85 
85 
85 
85 


25 
25 
25 
50 
80 
40 
40 
40 
25 
25 


u 

9 
11 

25 
40 
30 
40 
40 
25 
25 


0 
0 
0 
0 
0 

s 

V 
V 

s 
s 


60 
80 
30 
25 
40 

40 
40 


150 

75 
80 
250 
250 
250 


500M 
500M 
.5A 
1A 
1A 


3.5 
3.5 
3.4 

1 

.9 

.35 
.35 
.2 
.2 


400M 
550M 
180M 
3A 
3A 

1A 
1A 

400M 
400M 






10M 
15M 
4M 
15K 
20K 
3K 
500K 
500K 


6 
B 
B 
E 
E 
E 
B 
B 


2N 674 
2N 675 
2N 677 
2N 677A 
2N 677B 
2N 67 7 C 
2N 678 
2N 678A 
2N 678B 
2N 678C 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N3428 
2N3428 
2N1553 
2N1554 
2N1555 
2N1556 
2N1557 
2N1558 
2N1559 
2NJ-560 


7-40 

7-40 

6-63 

6-63 

6-63 

6-63 ; 

6-63 

6-63 

6-63 

6-63 


AFA 
AFA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


300M 
800M 
90W 
90W 
90W 
90W 
90W 
90W 
90W 
90W 


A 
C 
C 
C 

c 
c 
c 
c 
c 
c 


85 
85 
100 
100 
100 
100 
100 
100 
100 
100 


75 
75 
50 
60 
90 

100 
50 
60 
90 

100 


75 
75 
30 
40 
70 
80 
20 
30 
60 
70 


v 

V 

s 
s 
s 
s 

0 
0 
0 
0 


40 
40 
20 
20 
20 
.20 
50 
.50 
50 
50 


250 
250 
60 
60 
60 
60 
100 
100 
100 
100 


1 A 
1A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 


.35 
.35 


1 A 
1A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 






400K 
400K 


B 
B 


2N 679 
2N 680 
2N681 
thru 
2N692 
2N 694 
2N 695 
2N 696 
2N 696A 
2N 697 


G 
G 

T 

G 
G 
S 
S 

s 


N 
P 

lyi 

P 
P 
N 
N 
N 


2N1191 
istors, £ 

2N2218 
2N2218 


7- 30 
ee Table 

8- 74 
8-74 

8-12- 


MSS 
AFA 

on P 

RFA 
HSS 
MSA 
MSA 
MSA 


150M 
•150M 

ige 1<-1 

. iw 

75M 
600M 
800M 
600M 


A 
A 

il 

A 
A 
A 
A 
A 


85 
75 

100 
100 
175 
300 
175 


25 
20 

30 
15 
60 
60 
60 


20 
20 

15 
15 
40 
35 
40 


X 

s 

0 

s 

R 
0 
R 


20 
18 

10 

25 
20 
20 
40 


165 

60 
60 
120 


30 M 
50M 

2M 
10M 
150M 
150M 
150M 


.3 

.75 

1 

1.5 
1.5 
1.5 


1O0M 
50M 

50M 
150M 
150M 
150M 


15 

.9 

15 


E 

B 
E 


2M 

340M 

40M 
40M 
40M 


B 

T 

T 
T 
T 


2N 697A 
2N 698 
2N 699 
2N 499A 
2N 699B 
2N 700 
2N 700A 


s 
s 
s 
s 
s 

G 
G 


N 
N 
N 
N 
N 
P 
P 


2N2218 
2N3498 
2N3498 

2N3498 


8-74 
8-161 
8-161 

8- 161 

9- 9 
9-9 


MSA 
MSA 
MSA 
MSA 
MSA 
RFA 
RFA 


80 UM 
800M 
60 OM 
800M 
870M 
75M 
75M 


A 
A 
A 
A 
A 
A 
A 


300 
200 
175 
300 
'200 
100 
100 


60 
120 
120 
120 
120 
25 
25 


35 
80 
80 
80 
100 
20 
25 


0 
R 
R 
R 
R 
S 
0 


40 
20 
40 
40 
40 
1.5 
1.5 


120 
60 
120 
120 
120 


150M 
150M 
150M 
150M 
150M 
2M 
6M 


t.5 
1.2 

5 
5 

1.2 


1S0M 
50M 
150M 
150M 
50M 


25 
15 
35 
35 
35 
4 
4 


E 
E 
E 
E 
E 
E 
E 


50M 
40M 
50M 
50M 
60M 
270M 
360M 


T 
T 
T 
T 
T 
T 
T 
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MAXIMUM RATINGS 



TYPE 
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REPLACE- 
MENT 


PAGE 
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USE 
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Vce- 


script] 
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°C 


(volts) 


(volts) 


31 
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(max) 




(volts) 
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=— 
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S 


N 


2N835 


8-35 


HSS 


300M 




1 75 


25 


25 


Q 


20 


60 


10M 


.5 


10M 






70M 


j 


2N 


?n * 


s 


N 


2N835 


8-35 


HSS 


300M 




1 75 


25 


25 




4 0 


1C0 


10M 


.5 


10M 






70M 


T 


2N 


7n^ 


G 


P 




8-13 


HSS 


300M 




100 


15 


15 




25 




10M 


.3 


10M 












7n^A 


G 


P 






HSS 


1 50M 




100 


1 5 


15 




25 




10M 


.3 


10M 










2N 


706 


s 


N 




8-15 


HSS 


30CM 




175 


25 


20 




20 




10M 


.6 


10M 






200M 


j 


2N 


706A 


S 


N 




3-15 


HSA 


300M 


A 


175 


25 


20 


R 


20 


60 


10M 


.6 


10M 






200M 


j 


2N 


706B 


S 


N 




3-15 


HSS 


300M 


A 


175 


25 


15 


o 


20 


60 


10M 


.4 


10M 






200M 


T 


2N 


706C 


S 


N 


2N835 


8-35 


HSS 


360M 


A 


200 


40 


20 


R 


20 


60 


10M 


.4 


10M 






200M 


T 


2N 


707 


s 


N 




9-11 


HP A 


300M 


A 


175 


56 


28 


R 


9 




10M 


.6 


10M 










2N 


707A 


s 


N 




9-11 


RFA 


500M 


A 


175 


70 


40 


0 


9 


50 


10M 


.6 


10M 






70M 


T 


2N 


708 


s 


N 




8-17 


HSS 


36UM 


A 


zvu 


4U 


ZU 


K 


3U 


1 


IUM 


.4 


IUM 






3UUM 


| 


2N 


708A 


s 


N 
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8-35 


HSS 


360M 
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200 


50 


30 


R 


40 


120 


10M 
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10M 






300M 
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2N 


709 


s 


N 






HSS 


300M 


A 


200 


15 


6 


o 


20 


120 


10M 


.3 


3M 






600M 


T 


2N 


709A 


s 


N 






HSS 


300M 


A 


200 


15 


6 


o 


30 


90 


10M 


.3 


3M 






800M 


T 


2N 


710 


G 


P 




8-18 


HSS 


300M 


c 
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15 


15 


s 


25 
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.5 


10M 










2N 


710A 


G 


P 






HSS 


15CM 


A 


100 


15 


15 


s 
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10M 


.5 


10M 










2N 


7 1 1 


G 


P 




8-19 
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2N 
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G 


P 
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P 
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30 
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60 
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2N 
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A 


175 


60 


40 


R 


40 


1 20 


150M 


1.5 


150M 






50M 


T 


2N 


718A 


s 


N 




8-22 


RFA 


500M 


A 


200 


75 


50 


R 


40 


120 


150M 


1.5 


150M 


30 


£ 


60M 


T 


2N 


719 


s 


N 


2N3498 


8-161 


RFA 


400M 


A 


175 


120 


80 


R 


20 


60 


150M 


5 


150M 


15 


E 


40M 


T 


2N 


719A 


s 


N 


2N3498 


8-161 
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500M 


A 
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80 


R 


20 


60 
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15 


E 
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T 


2N 
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s 


N 
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A 
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R 
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5 
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35 
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N 
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30 


E 


50M 


T 


2N 


721 


s 


P 


2N2837 


8-111 


RFA 


400M 


A 


175 


50 


50 


R 


20 


45 


150M 


1.5 


150M 


15 


E 


50M 


T 


2N 
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A 
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50 


50 


R 
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45 
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.5 
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15 


E 
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T 
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s 
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RFA 


400M 


A 
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bO 


R 


30 


90 
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R 
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90 
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.5 
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25 
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2N 
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G 


P 
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15 


12 


s 
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2N 
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s 


P 
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8-141 


AFA 


300M 


A 


175 


25 


20 


o 


15 


45 


10M 


.6 


10M 


15 


E 


140M 


T 


2N 


727 


s 


P 


2N3250 


8-141 


AFA 


300M 


A 


175 


25 


20 


o 


30 


120 


10M 


.6 


10M 


30 


E 


140M 


T 


2N 


728 


s 


N 


2N2539 


8-107 


HSS 


4M 


A 


175 


15 


15 


o 


20 


200 


10M 


.7 


10M 






100M 


T 


2N 


729 


s 


N 


2N2539 


8=107 


HSS 


4M 


A 


175 


30 


30 


o 


20 


200 


10M 


.7 


10M 






100M 


T 


2N 


730 


s 


N 


2N2218 


8-74 


AFA 


500M 


A 


175 


60 


40 


R 


20 


60 


150M 


1.5 


150M 






40M 


T 


2N 


731 


s 


N 


2N2221 


8-74 


AFA 


500M 


A 


175 


60 


40 


R 


40 


120 


150M 


1.5 


150M 






50M 


T 


2N 


734 


s 


N 


2N2221 


8-74 


AFA 


500M 


A 


175 


80 


60 


o 


15 


50 


5M 


1 


10M 


20 


E 






2N 


734A 


s 


N 






AFA 


.bW 


A 


200 


80 


6U 


o 


lb 


bU 


bM 


.b 


IUM 


2U 


E" 


3UF 


T 


2N 


735 


s 


N 


2N2221 


8-74 


AFA 


500M 


A 


175 


80 


60 


o 


30 


100 


5M 


1 


10M 


40 


E 






2N 


735A 


s 


N 






AFA 


.5W 


A 


200 


80 


60 


o 


30 


1 00 


5M 


.5 


10M 


40 


E 


60M 


y 


2N 


736 


s 


N 


2N2222 


8-74 


AFA 


500M 


A 


175 


80 


60 


o 


60 


2C0 


5M 


1 


10M 


80 


E 






2N 


736A 


s 


N 


2N2222 


8-74 


AFA 


500M 


A 


175 


80 


60 


o 


60 


200 


•5M 


.6 


10M 


80 


E 


100M 


x 


2N 


736B 


s 


N 






AFA 


.5W 


A 


200 


80 


60 


o 


60 


200 


5M 


.5 


10M 


80 


E 


100M 


x 


2N 


738 


s 


N 






AFA 


500M 


A 


175 


125 


80 


o 


1 5 


50 


5M 


1 


10M 


20 


E 






2N 


738A 


s 


N 






AFA 


.5W 


A 


200 


125 


80 


o 


] 5 


50 


5M. 


.5 


10M 


20 


E 


30M 


x 


2N 


739 


s 


N 






AFA 


500M 


A 


175 


125 


80 


o 


30 


100 


5M 


1 


10M 


40 


E 






2N 


739A 


s 


N 






AFA 


.5W 


A 


200 


125 


80 


o 


30 


100 


5M 


.5 


10M 


40 


E 


60M 


x 


'2N' 


740 


s 


N 






AFA 


.5W 




200 


125 


80 




60 


200 


5M 






80 


E" 






2N 


740A 


s 


N 






AFA 


.5W 


A 


200 


125 


80 


o 


60 


200 


5M 


.5 


10M 


80 


E 


100M 


x 


2N 


74 1 


G 


P 




9-13 


RFA 


150M 


A' 


100 


15 


15 


s 


1 0 




5M 






20 


E 






2N 


74 1 A 


G 


P 




9-13 


RFA 


150M 


A 


100 


20 


20 


s 


1 0 




5M 






20 


E 


300M 


x 


2N 


742 


S 


N 


2N2218 


8-74 


MSS 


.5W 


A 


200 


60 


60 


o 


25 




10M 


.5 


10M 










2N 


742A 


s 


N 


2N2218 


8-74 


MSS 


.5W 


A 


200 


60 


-60 


o 


25 




10M 


.5 


10M 










2N 


743 


s 


N 


2N835 


8-35 


HSS 


300M 


A 


175 


20 


12 


o 


20 


? 60 


10M 


.35 


10M 






300M 


x 


2N 


743A 


s 


N 






HSS 


.36W 


A 


200 


40 


15 


o 


20 


60 


10M 










500M 


x 


2N 


744 


s 


N 




8-26 


HSS 


300M 


A 


175 


20 


12 


o 


40 


120 


10M 


.35 


10M 






300M 


x 


2N 


744A 


s 


N 






HSS 


.36W 


A 


200 


40 


15 


o 


40 


120 


10M 








— 


500M 


x 


2N 


74 5 


s 


N 






AFA 


. 15W 




175 


45 


30 


J? 


20 


55 


10M 






19 




10M 


[j 


2N 


746 


s 


N 






AFA 


. 15W 




175 


45 


30 


J: 


45 


1 50 


10M 






39 




10M 




2N 




s 


N 






MSS 


200M 




175 


25 


25 








10M 


.6 


5M 












748 


s 


N 






MSS 


200M 




175 


30 


30 


jj 


2j0 


40 


10M 


.5 


5M 










2N 


749 


s 


N 






RFA 


200M 


A 


175 


45 


25 


Q 




55 


10M 






30 




50M 




2N 


751 


s 


N 






RFA 


200M 


A 


175 


20 


20 


0 


30 


150 


10M 






10 


E 


20M 


B 


2N 


752 


s 


N 


2N2221 


8-74 


VID 


.5W 


A 


200 


85 


45 


o 








1 .2 


15M 


40 


E 


200M 


x 


2N 


753 


s 


N 




8-15 


HSA 


300M 


A 


175 




20 


R 


40 


120 


10M 


.6 


10M 






200M 


T 


2N 


754 


s 


N 


2N2218 


8-74 


RFA 


.3W 


A 


175 


60 


60 


R 


20 


80 


5M 


.8 


10M 






30M 


T 


2N 


755 


s 


N 


2N2218 


8-74 


RFA 


.3W 


A 


175 


100 


80 


R 


20 


80 


5M 


.8 


10M 






30M 


T 


"2TT 


756 


T 


TT 








.SW 


A" 


2UU 


" 4b 


4b 


U 










10M 


12 


E 


50h 


B 


2N 


756A 


s 


N 






AFA 


.'5W 


A 


200 


60 


60 


0 










10M 


12 


E 


50M 


B 


2N 


757 


s 


N 






AFA 


-5W 


A 


200 


45 


45 


0 










10M 


18 


E 


50M 


B 


2N 


75 7 A 


s 


N 






AFA 


,5W 


•A 


2.00 


60 


60 


0 










10M 


18 


E 


50M 


B 


2N 


758 


s 


N 






AFA 


.5W 


A 


200 


45 


45 


0 










10M 


18 


E 


50M 


B 


2N 


758A 


s 


N 






AFA 


.SW 


A 


200 


60 


60 


0 










10M 


IB 


E 


50M 


B 


2N 


758B 


s 


N 






AFA 


.5W 


A 


200 


60 


60 


0 


12 




1M 


.5 


10M 


18 


E 


50M 


B 



ELECTAICAL CHARACTERISTICS 



1-113 



Numerical Index 



2N759— 2N837 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


i 


g 
3 

o 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 
@25°C 


IX 


Tj 
°C 


VcBO 

(volts) 


V CE - 
(volts) 


1 


h FE <s 
(min) (max) 




^CE(SAT) 

(volts) 


@1 c 






f_ 

= 


<3 


2N 759 
2N 759A 

1M 7Crtn 
^IM IDVD 

2N 760 
2N 760A 
2N 760B 
2N 761 
2N 762 
2N764 
thru 


s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
N 


istors, s 


ee Table 


AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 

on P 


.5W 
.5W 
.5W 
.5W 
.5W 
.5W 
.5W 
.5W 

age 1-1 


A 
A 
A 
A 
A 
A 
A 
A 

>1 


2C0 
200 
200 
200 
200 
200 
200 
200 


45 
60 
60 
45 
60 
60 
50 
50 


45 
60 
60 
45 
60 
60 
30 
30 


0 
0 
0 
0 
0 
0 
0 
0 


25 

50 
20 
45 


55 
150 


1M 

1M 
10M 
10M 


1 

.5 

1 
1 

.5 

1 
1 


10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 


36 
36 
36 
76 
76 
76 
19 
39 


E 
E 
E 
E 
E 
E 
E 
E 


50M 
50M 
50M 
50M 
50M 
50M 
50M 
50M 


B 
B 
B 
B 
B 
B 
B 
B 


2N767 
2N 768 

2N 770 
2N 771 
2N 772 
2N 773 
2N 774 
2N 775 
2N 776 


G 

S 
S 
S 

s 
s 
s 
s 


P 

N 
N 
N 
N 
N 
N 
N 


2N961 
2N961 


8-48 
8-48 


HSS 
HSS 
HSS 
HSS 
HSS 
RFA 
RFA 
RFA 
RFA 


35M 
35M 
150M 
150M 
1S0M 
150M 
150M 
150M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 
A 


100 
100 
150 
150 
150 
150 
150 
150 
150 


12 
12 
20 
20 
25 
20 
20 
20 
20 


10 
7 
15 
15 
25 
15 
15 
15 
15 


s 

0 
0 
0 
0 
0 
0 
0 
0 


25 
25 
12 
30 
20 
4 
7 
20 
4 


60 
150 

16 
30 
80 
16 


2M 
20M 
20M 
20M 
10M 
1.5M 
1.5M 
1.5M 
1.5M 


.13 
.25 
.25 
.25 
.25 


2M 
10M 
10M 
10M 
10M 


6 
11 

28 
6 


E 
E 
E 
E 


125M 
100M 

75M 
100M 

75M 


T 
T 
T 
T 
T 


2N /// 
2N 778 
2N 779 
2N 779A 
2N 779B 
2N 780 
2N 781 
2N 782 
2N 783 
2N 784 


S 
S 

Q 

G 
G 
S 
G 
G 
S 
S 


N 
N 
p 

P 
P 
N 
P 
P 
N 
N 


2N964 
2N964 
2N964 
2N2220 

2N834 
2N834 


8-48 
8-48 
8-74 

8-35 
8-35 


KhA 
RFA 
HS S 
HSS 
HSS 
AFA 
HSS 
HSS 
HSS 
HSS 


IbUM 
150M 
60M 
60M 
150M 
1W 
150M 
150M 
300M 
300M 


A 
A 
A 
A 
A 
C 
A 
A 

A 


lt>U 

150 
100 
100 
100 
175 
100 
100 
175 
175 


2U 
20 
15 
15 
15 
45 
15 
12 
40 
30 


lb 
15 
15 
15 
15 
45 
15 
12 
20 
15 


u 

0 

s 
s 
s 

s 
s 

R 
R 


20 
50 
50 
50 
35 
25 

20 
25 


3U 
80 
200 
200 
2C0 
140 

60 


l.bM 
1.5M 
10M 
10M 
10M 
500» 
10M 
10M 
10M 
10M 


.16 

.125 
.125 
1 

.16 
.20 
.25 
.19 


10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 


11 

28 


b 
E 


320M 
320M 
320M 
60M 

200M 
200M 


T 
T 
T 
T 

T 

T 


2N /H4A 
2N 785 
2N 789 
2N 790 
2N 791 
2N 792 
2N 793 
2N 794 
2N 795 
2N 796 


S 
G 

S 

s 
s 
s 

G 
G 
G 


N 
P 
N 
N 
N 
N 
N 
P 
P 
P 


2N8J4 


8-Jb 


HSS 
LNA 

AFA 
AFA 
AFA 
AFA 
HSS 
HSS 
HSS 


3bUM 
50M 
150M 
150M 
150M 
150M 
150M 
120M 
120M 
120M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


2U0 
85 
175 
175 
175 
175 
175 
85 
85 
85 


40 
12 
45 
45 
45 
45 
45 
13 
13 
13 


20 
12 
30 
30 
30 
30 
30 


R 
S 
0 
0 
0 
0 
0 


2b 

30 
30 
50 


IbU 


IUM 

10M 
10M 
10M 


.6b 

.3 
.5 
.5 


100M 

5M 
5M 
5M 
5M 
5M 
10M 
40M 
40M 


40 
9 
18 
18 
36 
76 


E 
E 
E 
E 
E 
E 


3UUM 

1M 
2M 
8M 
2N 
2M 
25M 
35M 
50M 


T 

B 
B 
B 
B 
B 
T 
T 
T 


2N /y/ 

2N 799 
2N 800 
2N 801 
2N 802 
2N 803 
2N 804 
2N 805 
2N 806 
2N 807 


G 
G 

G 
G 
G 
G 
G 
G 
G 


N 
P 

P 
P 
P 
P 
P 
P 
P 






HSS 
MSS 

MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
MSS 


ibUM 
75M 
75M 
75M 
75M 
75M 
75M 
75M 
75M 
70M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


IUU 

85 
85 
85 
85 
85 
85 
85 
85 
85 


2U 
25 
25 
30 
30 
30 
30 
30 
30 
25 


... { 

12 
12 
18 
18 
15 
15 
12 
12 
14 


(J 
0 
0 
0 
0 
0 
0 
0 
0 
V 


4U 

30 
30 
30 
30 
40 
40 
60 
60 
40 


60 
60 
80 
80 


IUM 
12M 

20M 


. 14 
. 15 
. 15 

.2 


IUM 
12M 
12M 

20M 






60UM 
4M 
4M 

14M 


I 

B 
B 

B 


2N 808 
2N 809 
2N 810 
2N 811 
2N 812 
2N 813 
2N 814 
2N 815 
2N 816 
2N 817 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
N 
N 
N 






MSS 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
MSS 
MSS 
MSS 


f UM 
75M 
75M 
75M 
75M 
75M 
75M 
75M 
75M 
75M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


tib 
85 
85 
85 
85 
85 
85 
85 
85 
85 


25 
30 
30 
30 
30 
30 
30 
25 
25 
30 


14 
15 
15 
12 
12 
10 
10 
15 
15 
15 


V 
0 
0 
0 
0 
0 
0 
0 
0 
0 


40 
25 
25 
45 
45 
55 
55 
60 
60 
20 


no 

110 

180 
180 
220 
220 
180 
180 


20M 
25M 
25M 
45M 
45M 
55M 
55M 
30M 
30M 
50M 


.2 

.75 
.75 

t25 


20M 

200M 
200M 
50M 


30 
30 
50 
50 
70 
70 


E 
E 
E 
E 
E 
E 


14M 
3M 
3M 
5M 
5M 
15M 
15M 


B 
B 
B 
B 
B 
B 
B 


2N Bib 
2N 819 
2N 820 
2N 821 
2N 822 
2N 823 
2N 824 
2N 825 
2N 826 
2N 827 


G 
G 

G 
G 
G 
G 
G 
G 
G 


N 
N 

N 
N 
N 
P 
P 
P 
P 




8-28 


MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
RFA 
MSS 
MSS 
HSS 


75m 

75M 
75M 
75M 
75M 
75M 
70M 
70M 
70M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


85 
85 
85 
85 
85 
85 
85 
85 
85 
100 


30 
30 
30 
30 
30 
25 
30 
30 
30 
20 


15 
20 
20 
25 
25 
12 
18 
20 
20 
20 


0 
0 
0 
0 
0 
0 
0 
0 
0 
S 


20 
30 
30 
40 
40 
40 

20 
20 
100 


40 
40 


50M 
50M 
50M 
50M 
50M 
20M 

10M 


.25 
.25 
.25 
.25 
.25 
. 15 

.25 


50M 
50M 
50M 
50M 
50M 
12M 

10M 






4M 
2M 
2.5M 
2.5M 

250H 


B 
B 
B 
B 
T 


<£IM BZti 

2N 828A 
2N 829 
2N 834 
2N 834A 
2N 835 
2N 837 


G 
G 
S 
S 
S 
G 


P 
P 
P 
N 
N 
N 
P 




8-30 
8-32 
8-32 
8-35 

8-35 


HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 


150M 
150M 
150M 
300M 
360M 
.3W 
150M 


A 
A 
A 

A 
A 
A 


100 
100 
100 
175 
200 
175 
100 


15 
15 
15 
40 
40 
25 
12 


15 
15 
15 

30 
30 
20 
12 


s 
s 
s 
s 
s 

0 

s 


25 
25 
50 
25 
25 
20 
30 




10M 
10H 
10M 
10M 
10M 
10M 
10M 


.2 
.2 
.2 
.25 
.25 
.3 
.25 


10M 
10M 
10M 
10M 
10M 
10M 
10M 






300M 
30 ON 
300M 
350M 
500M 
300M 


T 
T 
T 
T 
T 
T 



1-114 



Numerical Index 



2N838 — 2N943 







1 POLARITY 1 








MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


< 

1 

£ 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 
@25°C 




Tj 
°C 


VcBO 

(volts) 


V CE - 
(volts) 




hrE <£ 
(min) (max) 


=3 


VcE(SAT) 

(volts) 


@l c 

| 




U 

.5- 

1 


f_ 




2N 838 
2N 839 
2N 840 
2N 841 


G 
S 

s 
s 


P 
N 
N 
N 


2N2222 
2N2221 
2N2222 


8-37 
8-74 
8-74 
8-74 


HSS 
RFA 
RF A 
RFA 


150M 
.3H 
-3W 
.3W 


A 
A 
A 
A 


100 
175 
175 
175 


30 
45 
45 
45 


30 
45 
45 
45 


S 
0 
0 
0 


30 
15 
30 
60 


50 
100 
4C0 


10M 
10M 
10M 
10M 


.18 

2 
2 
2 


10M 
10M 
10M 
10M 


20 
40 
80 


E 
E 
E 


300H 
30K 
30K 
40M 


T 
T 
T 
T 


2N 842 
2N 843 
2N 844 
2N 845 
2N 846 

^III OH OA 


s 
s 
s 
s 

G 


N 
N 
N 
N 
P 
P 


2N2221 
2N2222 

2N960 
2N960 


8-74 
8-74 

8-48 
8-48 


RFA 
RFA 
VID 
VID 

HSS 
HSS 


.3W 
.3W 
.3W 
.3W 

60M 
60M 


A 
A 
A 
A 
A 
A 


175 
175 
175 
175 
100 
100 


45 
45 
60 
100 
15 
15 


45 
45 
60 
80 
15 
15 


0 
0 
R 
R 
S 
S 
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35H 
.3W 
.3W 
-3W 
.4W 
20M 
35W 
150M 


A 
A 
C 
C 
C 
C 

c 

A 
C 
A 


175 
175 
95 
85 
85 
85 
85 
55 
95 
100 


15 
15 
25 
20 
40 
60 
35 
10 
80 
40 


15 
15 
20 
15 
35 
55 
35 
10 
80 
22 


0 
0 
0 
R 
R 
R 
R 
0 

s 

0 


10 

25 
50 

30 
40 


25 
150 
250 

75 


10M 
10M 
1A 

3A 
10OM 


.6 
.6 

1 

.25 
.25 
.25 
.25 

1.5 
.2 


10M 
10M 
2A 
.1A 
.1A 
.1A 
.1A 

3A 
100M 


25 
40 
40 
40 
40 

20 


E 
E 
E 
E 
E 

E 


60K 

7.5K 

5K 
3M 


T 

E 

E 
E 


2N1015 

2N1015A 

2N1015B 

2N1015C 

2N1015D 

2W1015E 


S 
S 

s 
s 
s 
s 


H 
N 
N 
N 
N 
N 
N 


2N1552 
2N3713 


6-63 
B-117 


LPA 
PMS 
PMS 
PMS 
PMS 
PMS 
PMS 


bCJW 
150W 
150W 
150W 
150W 
150W 
150W 


c 
c 
c 
c 
c 
c 
c 


100 
150 
150 
150 
150 
150 
150 


100 
30 
60 
100 
150 
200 
250 


65 
30 
60 
100 
150 
200 
250 


0 
V 
V 
V 
V 
V 
V 


20 
10 
10 
10 
10 
10 
10 


50 


4A 
2A 
2A 
2A 
2A 
2A 
2A 


.8 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 


4A 
2A 
2A 
2A 
2A 
2 A 
2A 






.5M 


B 



1-116 



Numerical Index 



2N1015F— 2N1065 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


i 


| 
3 

o 
o. 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 
@25°C 




Tj 
°C 


V*CBO 

(volts) 


v CE - 

(volts) 




(min) (max) 




"CE(SAT) 

(volts) 


@l c ^ 


"f- 








2N1015F 

2N1016 

2N1016A 

2N1016B 

2N1016C 

2N1016D 

2N1016E 

2N1016F 

2N1017 

2N1018 


s 
s 
s 
s 
s 
s 
s 
s 

G 
G 


N 
N 
N 
N 
N 
N 
N 
N 
P 
P 


2N3713 


6-117 


PMS 
PMS 
PMS 
PMS 
PMS 
PMS 
PMS 
PMS 
MSA 
MSS 


150W 
150W 
150W 
150W 
150W 
150W 
150W 
150W 
T5T3M 
200M 


c 
c 
c 
c 
c 
c 
c 
c 

A 
A 


150 
150 
150 
150 
150 
150 
150 
150 
85 
100 


300 
30 
60 
100 
150 
200 
250 
300 
30 
30 


300 
30 
60 
100 
150 
200 
250 
300 
10 
6 


v 

V 
V 
V 
V 
V 
V 
V 
0 
0 


10 
10 
10 
10 
10 
10 
10 
10 
70 
70 




2A 
5A 
5A 
5A 
5A 
5A 
5A 
5A 

70M 


1 .5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 


2A 
5A 
5A 
5A 
5A 
5A 
5A 
5A 
200M 
200M 






15H 
20M 


B 
B 


2N1021 

2N1021A 

2N1022 

2N1022A 

2N1023 

2N1024 

2N1025 

2N1026 

2N1027 

2N1028 


G 
G 
G 
G 
G 
S 
S 
S 
S 
S 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N1021 

2N1022 
ZM3323 


6-42 
6-42 
6-42 
6-42 
9-66 


LPA 
LPA 
LPA 
LPA 
RFA 
AFA 
AFA 
AFA 
AFA 
AFA 


50W 
150W 

50W 
150W 
120M 
.25W 
.25W 
.25W 
.25W 
.25W 


c 
c 
c 
c 

A 
A 
A 
A 
A 
A 


95 
100 

95 
100 
100 
175 
175 
175 
175 
175 


100 
100 
120 
120 
40 
18 
40 
40 
18 
12 


100 
50 

120 
55 
40 
15 
35 
35 
15 
10 


x 

0 
X 
0 
0 

u 
u 
u 
u 
u 


23 
30 
23 
30 
20 


70 
90 
70 
90 
175 


1 A 
5A 
5A 
5A 
1.5M 


1 

.5 

1 

.5 


5A 
5A 
5A 
5A 


9 
9 
18 
18 
9 


E 
E 
E 
E 
E 


200K 

200K 

IN 
IN 
2N 
4M 
7.2N 


T 

T 

B 
B 
B 
B 
T 


2N1029 

2N1029A 

2N1029B 

2N1029C 

2N1030 

2N1030A 

2N1030B 

2N1030C 

2N1031 

2N1031A 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N1553 
2N1554 
2N1555 
2N1556 
2N1557 
2N1558 
2N1559 
2N1560 
2N1553 
2N1554 


6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-63 


LPA 
LPA 
LPA 
LRA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


90W 
90W 
90W 
90W 
90W 
90W 

90W 
90W 


C 
C 
C 
C 
C 
C 

C 

c 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


50 
60 
90 

100 
50 
60 
90 

100 
50 
60 


20 
30 
60 
70 
20 
30 
60 
70 
30 
40 


0 
0 
0 
0 
0 
0 
0 
0 
S 
S 


20 
20 
20 
20 
50 
50 
50 
50 
20 
20 


60 
60 
60 
60 
1C0 
100 
100 
100 
60 
60 


10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 




10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 
10A 


10 
10 


E 
E 


2K 
2K 


E 
E 


2N1031B 

2N1031C 

2N1032 

2N1032A 

2N1032B 

2N1032C 

2N1034 

2N1035 

2N1036 

2N1037 


G 
G 
G 
G 
G 
G 
S 
S 
S 
S 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2M1555 
2N1556 
2N1557 


6-63 
6-63 
6-63 


LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
AFA 
AFA 
AFA 
AFA 


90W 
90W 
90W 
90W 
90W 
90W 
250M 
250M 
250M 
250M 


c 

c 
c 
c 
c 
c 

A 
A 
A 
A 


100 
100 
100 
100 
100 
100 
160 
160 
160 
160 


90 
100 
50 
60 
90 
100 
50 
50 
50 
50 


70 
80 
30 
40 
70 
80 
40 
35 
30 
35 


s 
s 

S 
S 

s 
s 

0 
0 
0 
0 


20 
20 
50 
50 
50 
50 


60 
60 
100 
100 
100 
100 


10A 
10A 
10A 
10A 
10A 
10A 


.5 
.4 
.3 
.5 


10A 
10A 
10A 
10A 
10A 
10A 
8M 
8M 
8M 
8M 


10 
10 
25 
25 
25 
25 

9 
18 
34 

9 


E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


2K 
2K 
2K 
2K 
2K 
2K 
150K 
200K 
300K 
150K 


E 
E 
E 
E 
E 
E 
B 
B 
B 
B 


2NIU38 
2N1039 
2N1040 
2N1041 
2N1042 
2N1043 
2N1044 
2N1045 
2N1046 
2N1046A 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N2138 
2N2139 
2N2140 
2N2141 
2N2143 
2N2144 
2N2145 
2N2146 
2N2832 
2N2832 


6-74 
6-74 
6-74 
6-74 
6-74 
6-74 
6-74 
6-74 
6-87 
6-87 


LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
HP A 
HPA 


20W 
20W 
20W 
20W 
20W 
20W 
20W 
20W 
50W 
50W 


c 

C 
C 
C 
C 
C 
C 
C 
C 
C 


"95 
95 
95 
95 
100 
100 
100 
100 
100 
100 


40 
60 
80 
100 
40 
60 
80 
100 
100 
130 


40 
60 
80 

100 
40 
60 
80 

100 
50 
50 


V 
V 
V 
V 
V 
V 
V 
V 
0 
0 


20 
20 
20 
20 
20 
20 
20 
20 
40 
40 


60 
60 
60 
60 
60 
60 
60 
60 


1A 
1A 
1A 
1A 
3A 
3A 
3A 
3A 
5A 
5A 


.25 
♦ 25 
.25 
.25 
.75 
.25 
.25 
.25 
.2 
.4 


1A 
1A 
1A 
1A 
3A 
1A 
1A 
1A 
500M 
5A 


Id 

18 
18 
18 

2 


E 
E 
E 
E 
E 


8k 
8K 
8K 
8K 
250K 
250K 
250K 
250K 
15H 
15M 


£ 
E 
E 
E 
T 
T 
T 
T 
T 
T 


2N1046B 

2N1047 

2N1047A 

2N1047B 

2N1047C 

2N1048 

2N1048A 

2N1048B 

2N1048C 

2N1049 


G 
S 
S 
S 
S 
S 
S 
S 

s 
s 


P 
N 
N 
N 
N 
N 
N 
N 
N 
N 


2N2833 


6-87 


HPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


50W 
40W 
40W 
40W 
40W 
40W 
40W 
40tf 
40W 
40W 


c 

c 
c 
c 
c 
c 
c 
c 
c 
c 


100 
200 
200 
200 
200 
200 
200 
200 
200 
200 


130 
80 
80 
80 
80 
120 
120 
120 
120 
80 


'"50 

80 
80 
80 

120 
120 
120 


o 

0 
0 
0 

0 
0 
0 


20 
12 
12 
12 
12 
12 
12 
12 
12 
30 


36 
36 
36 
36 
36 
36 
36 
36 
90 


10a 

500M 
500M 
500M 
500M 
500M 
500M 
500M 
500M 
500M 


# 4 

7.5 
7.5 

2 
1 

7.5 
7.5 

2 

7-5 


5a 
500M 
500M 
500M 
500M 
500M 
500M 
500M 
500M 
500M 






15M 

75K 
125K 
125K 

75K 
125K 
125K 


j 

E 
E 
E 

E 
E 
E 


2M1049A 

2N1049B 

2N1049C 

2N1050 

2N1050A 

2N1050B 

2N1050C 

2N1051 

2N1052 

2N1054 


3 
s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 






LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
RFA 
RFA 
VID 


40W 
40W 

uow 

40W 
40W 
40W 
40W 
.5W 
6M 
.8W 


c 
c 
c 
c 
c 
c 
c 

A 
A 
A 


200 
200 
200 
200 
200 
200 
200 
150 
200 
200 


80 
80 
80 
120 
120 
120 
120 
40 
200 
125 


80 
80 
80 

120 
120 
80 
40 
200 
115 


o 

0 
0 

0 
0 
0 
0 

v 

0 


30 
30 
30 
30 
30 
30 
30 
25 
20 
20 


90 
90 
90 
90 
90 
90 
90 

80 


500M 
500M 
500M 
500M 
500M 
500M 
500M 
50M 
• 2A 
.2A 


7.5 

2 
1 

7.5 
7.5 

2 
1 

3 
5 


500M 
500M 
500M 
500M 
500M 
500M 
500M 
50M 
• 2A 


30 
15 


E 
E 


75K 
125K 
125K 

75K 
125K 
125K 

80M 

QM 


E 
E 

E 
E 
E 
T 

T 


2N1055 
2N1056 
2N1057 
2N1058 
2N1059 
2N1060 
2N1065 


ii 

G 
G 
G 
G 
S 
G 


N 
P 
P 
N 
N 
N 
P 


2N2043 
2N1924 

2N2501 


7-39 

7- 37 

8- 104 


RfA 
AFA 
AFA 

AFA 
HSS 
AFA 


5.5M 

240M 
240M 
50M 
180M 
.25W 
• 12W 


A 
A 
A 

A 
A 


200 
100 
100 
75 
75 
150 
85 


100 
70 
45 
20 
40 
40 
40 


100 
50 
45 
20 
15 
40 
20 


0 
R 
V 
R 
R 
0 
0 


20 
18 
34 

17 
20 


80 
43 
90 

80 


50M 
20M 
20M 

10M 
5M 


2 

.13 
.13 

.3 
.25 


50M 
20M 
20M 

5M 
10M 


10 


B 


3M 
500K 
500K 

4M 
10K 

10M 


T 

B 
B 
B 
E 

T 



1-117 



Numerical Index 



2N1066— 2N1138B 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


i 


| 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


@25°C 




°C 


V C BO 

(volts) 


Vce- 
(volts) 


1 
% 


\ 
(min) 


z <§ 
(max) 




VcE(SAT) 

(volts) 


@l c 






f_ 


f 
% 


2N1066 

2N1067 

2N1068 

2N1069 

2N1070 

2N1072 

2N1073 

2N1073A 

2N1073B 

2N1074 


G 
S 
S 
S 
S 
S 
G 
G 
G 
S 


P 
N 
N 
N 
N 
N 
P 
P 
P 
N 


2N3323 
2N3766 
2N3766 
2N3766 
2N3766 
2N3766 


9-66 

6-134 

6-134 

6-134 

6-134 

6-134 

6-44 

6-44 

6-44 


RFA 
PMS 
PMS 
PMS 
PMS 
PHS 
LPA 
LPA 
LPA 
AFA 


120M 
5W 
10W 
50W 
50W 
2W 

250M 


A 
C 
C 
C 
C 
A 

A 


100 
175 
175 
175 
175 
150 
1 10 
1 10 
1 10 
160 


40 
60 
60 
60 
60 
75 
40 
80 
120 
50 


40 
30 
30 
U5 
f»5 
30 
40 
80 
120 
40 


o 

0 
0 
0 
0 
0 
R 
R 
R 
0 


20 
15 
15 

20 
20 
20 
20 
20 
20' 


175 
75 
75 
50 
50 

60 
60 
60 


1.5M 

200M 
750M 
1.5A 
1.5A 
.75A 
5A 
5A 
5A 


2 
2 

1-33 
.5 

2 

1 
1 


200M 
200M 
1.5A 
1.5A 
.75A 
5A 
5A 
5A 


9 


E 


.75M 
.75M 
.5M 
.5M 

200K 


B 
B 
B 
B 

B 


2N1075 
2N1076 
2N1077 
2N1078 
2N1079 
2N1080 
2N1081 
2N1082 
2N1086 
2N1086A 


S 
S 
S 
G 
S 
S 
S 
S 
G 
G 


N 
N 
N 
P 
N 
N 
N 
N 
N 
N 






AFA 
AFA 
AFA 
LPA 
HPA 
HPA 
MSS 
RFA 
RFC 
RFC 


250M 
250M 
250M 
20W 
605T 
60U 
6M 
.2W 
65M 
65M 


A 
A 
A 
C 
C 
C 
A 
A 
A 
A 


160 
160 
160 

85 
200 
200 
200 
200 
85 
85 


50 
50 
50 
60 
60 
60 
40 
25 
9 
9 


35 
30 
35 
60 
60 
60 
40 
25 
9 
9 


o 

0 
0 

s 
s 
s 

0 

s 

0 
0 


40 
20 
20 
20 
10 
17 
17 


80 
80 
100 
50 
195 
195 


-5A 

1A 
2A 
.5A 
10M 
1M 
1M 


1 

1 

3 
5 
4 


8M 
1A 
1A 
2A 
.5A 


18 

36 
9 

20 
20 

10 


E 
E 

E 
E 

E 


250K 
300K 
200K 

10M 
10M 

17M 


B 
B 
B 

T 
T 

T 


2N1087 
2N1090 
2N1091 
2N1092 
2N1093 
2N1094 
2N1097 
2N1098 
2N1099 
2N1 100 


G 
G 
G 
S 
G 
G 
G 
G 
G 
G 


N 
N 
N 
N 
P 
P 
P 
P 
P 
P 


2N1414 
2N1414 


7-33 
7-33 
6-21 
6-13 


RFC 
MSS 
MSS 
PMS 
AFA 
RFA 
AFC 
AFC 
LPA 
LPA 


65M 
120M 
120M 
2W 
150M 
.15W 
200M 
200M 
50W 
50W 


A 
A 
A 
A 
A 
A 
A 
A 
C 
C 


85 
85 
85 
175 
95 
100 
100 
100 
95 
95 


9 
25 
25 
60 
30 
30 
18 
18 
80 
100 


9 

30 
15 
15 
18 
18 
70 
65 


0 

0 
0 
0 
R 
R 
S 
0 


17 
30 
40 
15 
50 
15 
34 
25 
35 
25 


195 

75 
150 

90 
90 
70 
50 


1M 
20M 
20M 
200M 
20M 

4M 
20M 
20M 

5A 

5A 


.2 
.3 
2 
.2 

.7 
.7 


20M 
200M 
200M 

20M 

12A 
12A 


40 
.96 


E 
B 


5M 
10M 
.75M 

5M 
560M 

1M 

1M 


B 
B 
B 
B 
T 
B 
B 


2N1101 
2N1 102 
2N1 103 
2N1104 
2N1 105 
2N1 106 
2N1107 
2N1108 
2N1 109 
2N1 1 10 


G 
G 
S 
S 
S 
S 
G 
G 
G 
G 


N 
N 
N 
N 
N 
N 
P 
P 
P 
P 






AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
RFA 
RFA 
RFA 
RFA 


180M 
180M 
125M 
125M 
800M 
800M 
30M 
30M 
30M 
30M 


A 
A 
A 
A 
C 
C 
C 
C 


75 

75 
150 
150 
200 
200 


20 
40 
45 
45 
60 
100 
16 
16 
16 
16 


15 

25 
35 
35 
60 
100 


R 
R 
0 
0 
0 
0 


25 
25 
30 
45 
12 
12 


50 
50 
65 
150 
36 
36 


35M 
35M 
10M 
10M 
200M 
200M 


0.5 
0.5 
1.5 
1.5 

5 
5 


100M 
100M 
10M 
10M 
200M 
200M 


20 
40 


E 
E 


10K 
10K 
10M 
20M 

40M 
35M 
35M 
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8-66 


HSS 


200M 


A 


100 


20 


15 


0 


15 




400M 


.5 


200M 






220M 


T 


2N1204A 


G 


P 




8-66 


HSS 


200M 


A 


100 


20 


15 


0 


25 




200M 


.4 


200M 






22 OM 


T 


2N1206 


S 


N 






RFA 


3M 


A 


200 


60 


60 


0 


20- 


80 








25 


E 


10M 


T 


2N1207 


S 


N 






RFA 


3M 


A 


200 


125 


125 


.0 


20 


80 








25 


E 


10M 


T 


2N1208 


S 


N 


2N3445 


6-103 


LP A 


45W 


C 


200 


60 


60 


0 


15 




2A 




2a 










2N1209 


s 


N 


2N3445 


6-103 


HPA 


45W 


C 


200 


45 


45 


0 


20 


80 


2A 


5 


2A 






3M 


7 


2N1210 


s 


N 


2N37L3 


6-117 


HPA 


30W 


C 


175 


60 


60 


0 


15 


75 


2A 


2 


2A 






3M 


T 


2N121 1 


s 


N 


2N3445 


6-103 


HPA 


30W 


C 


175 


80 


- 80 


V 


15 


75 


2A 


2 


2A 






3M 


1 


2N1212 


s 


N 


2N3445 


6-103 


HPA 


45W 


C 


200 


60 


60 


0 


12 


36 


1A 


5 


1A 






3M 


T 


2N1213 


G 


P 






BHS 


75M 


A 


71 


25 
























2N1214 


G 


P 






BHS 


75M 


A 


71 


25 
























2N1215 


G 


P 






BHS 


75M 


A 


71 


25 
























2N1216 


G 


P 






BHS 


75M 


A 


71 


25 
























2N1217 


G 


N 






HSA 


75M 


A 


85 


20 


20 


0 


40 


ICO 


500* 










6M 


E 


2N1218 


G 


N 






LPA 


20W 


C 


90 


45 


45 


R 


30 


120 


1 A 


1 


1A 






7K 


E 


2N1219 


S 


P 






AFA 


.25W 


A 


175 


30 


25 


0 


- 18 




5M 










5M 


B 


2N1220 


S 


P 






AFA 


.25W 


A 


175 


30 


25 


0 


- 9 




5M 










2M 


B 


2N1221 


S 


P 






AFA 


.25W 


A 


175 


30 


25 


0 












18 


E 


5M 


B 


2N 122-2 


S 


P 






AFA 


.25W 


A 


175 


30 


25 


0 












9 


E 


2M 


8 


2N1223 


S 


P 






AFA 


.25W 


A 


175 


40 


40 


0 












6 


E 






2N1224 


G 


P 






BHS 


120M 


A 


85 


40 
























2N1225 


G 


P 






RFC 


120M 


A 


85 


40 
























2N1226 


G 


P 






RFC 


120M 


A 


85 


60 
























2N1227 


G 


P 


2N3611 


6-110 


LPA 


50W 


C 


95 


35 


20 


0 


50 


350 


.5A 


.8 


1.5A 


25 


E 


3K 


E 


2N1228 


S 


P 






MSA 


.4W 


A 


160 


15 


. 15 


0 








.2 


10M 


14 


E 






2N1229 


S 


P 






MSA 


.4W 


A 


160 


15 


15 


0 








.2 


10M 


28 


E 






2N1230 


S 


P 






MSA 


.4W 


A 


160 


35 


35 


0 








.2 


10M 


14 


E 






2N1231 
2N1232 


S 
S 


P 
P 






MSA 
MSA 


.4W 
.4W 


A 
A 


160 
160 


35 
• 60 


35 
60 


0 
0 








.2 
.2 


10M 
10M 


28 
14 


E 
E 






2N1233 
2N1234 


S 
S 


P 
P 






MSA 
MSA 


.4W 

.4W 


A 
A 


160 
160 


60 
110 


60 
110 


0 
0 








.2 
.2 


10M 
10M 


28 
14 


E 
E 






2N1235 


S 


N 






LPA 


85W 


C 


200 


120 


120 


R 


12 


60 


1A 


5 


1A 






50K 


E 


2N1238 
2N1239 


S 
S 


P 
P 






MSA 
MSA 


lw 

1W 


A 
A 


160 
160 


15 
15 


15 
15 


0 
0 








.2 
.2 


10M 
10M 


14 

28 


E 
E 






2N1240 


S 


P 






MSA 


1W 


A 


160 


35 


35 


0 








• 2 


10M 


14 


E 






2N1241 


s 


P 






MSA 


1W 


A 


160 


35 


35 


0 








.2 


10M 


28 


E 






2N1242 


s 


P 






MSA 


1W 


A 


160 


60 


60 


0 








.2 


10M 


14 


E 






2N1243 


s 


P 






MSA 


1W 


A 


160 


60 


60 


0 








.2 


10M 


28 


E 






2N1244 
2N1245 


s 

G 


P 
P 






MSA 
LPA 


1W 

20W 


A 

C 


160 

85 


1 10 
30 


110 

25 


o 

R 


50 




• 5A 


.2 


10M 


14 


E 






2N1246 


G 


P 






LPA 


20W 


C 


85 


30 


25 


R 


50 




.5A 














2N1247 


S 


N 






AFA 


30M 


A 


150 


6 


6 


0 


15 




5» 














2N1248 


S 


N 






AFA 


30M 


A 


150 


6 


6 


0 


15 




20« 














2N1249 


'S 


N 






AFA 


3.0 M 


A 


150 


6 


6 


0 


20 




30« 














2N1250 


s 


N 


2N3713 


6-117 


LPA 


85W 


c 


200 


60 


60 


0 


15 




2A 


5 


2A 










2N1251 
2N1252 
2N1252A 


G 
S 
S 


N 
N 
N 


2N2537 
2N2537 


8-107 
8-107. 


AFA 
MSS 
MSA 


150M 
600M 
. 800M 


A 
A 


85 
175 
300 


20 
30 
60 


15 

,20 
30 


R 

.R 
0 


15 
15 


45 
45 


150M 
150M 


0.5 
1.5 
1.5 


100M 
150M 
150M 


70 


E 


7.5K 
40M 
40M 


E 
T 
T 


2N1253 


S 


N 


2N2537 


8-107 


MSS 


600M 


A 


175 


30 


20 


R 


30 


90 


150M 


1.5 


150M 






50M 


T 


2N1253A 


S 


N 


2N2537 


8-107 


MSA 


80.0M 


A 


300 


60 


30 


0 


30 


90 


150M 


1.5 


150M 






50M 


T 


2N1254 
2N1255 


s 
s 


P 
P 






HSS 
HSS 


275M 
275M 


A 
A 


200 
200 


• 30 
30 


30 
30 


0 
0 


25 
40 


50 
80 


10M 
10M 


.3 
.3 


10M 
10M 






30M 
50M 


T 
T 


2N1256 
2N1257 


s 
s 


P 
P 






HSS 
HSS 


275M 
275M 


A 
A 


200 
200 


'40 
40 


40 
40 


0 
0 


25 
40 


50 

- 80 


10M 
10M 


. .3 
.3 


10M 
10M 






30M 
50M 


T 
T 


2N1258 


s 


P 






HSS 


275M 


A 


200 


30 


30 


0 


75 


150 


10M 


.6 


10M 






50M 


T 


2N1259 


s 


P 






HSS 


2 75M 


A 


200 


50 


.50 


0 


25 


100 


10M 


.3 


10M 






40M 


T 


2N1260 
2NT261 
2N1262 


s 

G 
G 


N 
P 
P 


2N1531 
2N1531 


6-56 
. 6-56 ■ 


LPA 
PMS 
P.MS 


85W 
34W 
34W 


C 
J 
J 


200 
95 
95 


120 
80 
80 


120 

-45 
45 


R 


12 

20 
30 


60 
50 
75 


1A 
2 A 
2A 


10 
.6 
.6 


1A 
2A 
2A 






50K 
200K 
200K 


E 
T 
T 


2N1263 
2N1264 


G 
G 


P. 
P 


2N3617 
2N1191 


6- 113 - 

7- 30 - 


PMS 
RFC 


34W 
50M 


J 
A 


95 
75 


80 
20 


- 45 




.*»5 


1 13 


2A 


.6 


2A 


15 


E 


200K 


T 


2N1265 
2N1266 


G 
G 


P 
P 


2N1192 
2N1191 


7-30 
7-30- 


RFC 
RFC 


50M 
80M 


A 
A 


85 
85 


12 
10 


< 10 


R 








0.5 


100M 


25 
10 


E 
E 


600K 


B 


2N1267 


S 


N 






RFA 


150M 


A 


150 


20 


15 


0 


4 


16 


1.5M 






6 


F 






2N1268 
2N1269 


S 
S 


N 
N 






RFA 
RFA 


150M 
150M 


•A 
A 


150 
150 


20 
20 


15 
15 


0 
0 


7 

20 


30 
80 


1.5M 
1.5M 






11 

28 


E 
E 






2N1270 


S 


N 






RFA 


150M 


A 


150 


20 


15 


0 


4 


16 


1.5M 






6 


E 






2N1271 
2N1272 


S 
S 


N 
N 






RFA 
RFA 


150M 
150M 


A 
A 


150 
150 


20 
20 


15 

-15 


0 
0 


7 

20 


30 
80 


1.5M 
1.5M 






11 

28 


E 
E 






2N1273 


G 


P 


2N1191 


7-30 


AFC 


• 250M 


A 


100 


15 


15 


R 


27 


165 


50M 


1 


100M 


20 


E 






2N1274 


G 


P 


2N1191 


7-30 


AFC 


250M 


A 


100 


25 


25 


R 


27 


165 


50M 


1 


100M 


20 


E 







1-120 



Numerical Index 



2N 1 275 — 2N 1356 







| POLARITY | 








MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


s 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 
@25°C 




h 
°C 


VcBO 

(volts) 


V CE - 
(volts) 




h FE € 
(min) (max) 




VcE(SAT) 

(volts) 


@l c w 


hf- 




f_ 




2N1275 
2N1276 
2N1277 
2N1278 
2N1279 
2N1280 
2N1281 
2N1282 
2N1284 
2N1285 


S 
S 

s 
s 
s 

G 
G 
G 
G 
G 


P 
N 
N 
N 
N 
P 
P 
P 
P 
P 


2N2501 

2N2501 
2N2501 


8-104 

8-104 
8-104 


DFA 
AFC 
AFC 
AFC 
AFC 
MSS 
MSS 
MSS 
MSS 
RFA 


250M 
150M 
150M 
150M 
150M 
.2W 
.2W 
.2W 
. 15W 
240M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


160 
150 
150 
150 
150 
85 
85 
85 
85 
71 


100 
40 
40 
40 
40 
16 
16 
16 
20 
40 


80 
30 
30 
30 
30 
16 
12 
6 
15 
40 


0 
0 
0 
0 
0 
0 
0 
0 
0 
V 


9 

40 
60 
70 
30 
30 


25 

150 
100 


1M 

20M 
20M 
20M 
10M 
1.5M 


.3 

1 
1 
1 
1 

.2 


5M 
5M 
5M 
5M 
5M 

10M 


9 
18 
37 
76 


E 
E 
E 
E 


100K 
15M 
15M 
15M 
15M 
5M 
7M 
10M 
5M 


B 
B 
B 
B 
B 
B 
B 
B 
B 


2M287 

2N1287A 

2N1288 

2N1289 

2N1291 

2N1292 

2N1293 

2N1294 

2N1295 

2N1296 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
N 
N 
P 
N 
P 
N 
P 
N 


2N651 
2N652 

2N1529 
2N1531 
2N1532 


7-20 
7-20 

6-56 
6-56 
6-56 


AFC 
AFC 
HSA 
HSA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


.3W 
.3W 

75M 
75M 
20W 
25W 
20W 
25W 
20W 
25W 


C 
C 
A 
A 
C 
C 
C 
C 
C 
C 


85 
85 

100 
85 
85 

100 
85 

100 
85 

100 


2b 
25 
15 
20 
35 
35 
60 
60 
80 
80 


25 
25 
10 
15 
30 
30 
60 
45 
80 
60 


R 
R 
R 
0 
S 
S 
S 
S 
S 
S 


50 
50 
40 
30 
40 
30 
40 
30 


300 
300 


10M 
10M 
.5A 
.5A 
.5A 
-5A 
.5A 
.5A 


.5 
.5 
.3 
-3 


20M 
20M 
10M 
10M 
1A 
1A 
1A 
1A 
1A 
1A 


40 
60 


E 
E 


40M 


B 


2N1297 
2N1298 
2N1299 
2N1300 
2N1301 
2N1302 
2N1303 
2N1304 
2N1305 
2N1306 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
N 
N 
P 
P 
N 
P 
N 
P 
N 


2N1533 
2N1192 


6- 56 

7- 30 


LPA 
LPA 
MSS 
HSS 
HSS 
MSS 
MSS 
MSS 
MSS 
MSS 


20W 
25W 
150M 
150M 
150M 
150M 
150M 
150M 
150M 
150M 


C 
C 

A 
A 
A 
A 
A 
A 
A 


85 
100 
100 
85 
85 
85 
85 
85 
85 
85 


1 00 
100 
40 
13 
13 
25 
30 
25 
30 
25 


1 Co 
80 
20 
12 
12 


S 

s 

R 
0 
0 


40 
30 
35 
30 
30 
20 
20 
40 
40 
60 


no 

200 
200 
3C0 


.5A 
.5A 

50M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 


.17 

.2 
.2 
.2 
.2 
.2 


1A 
1A 
15M 

10M 
10M 
10M 
10M 
10M 






4M 
25M 
35M 
3M 
3M 
5M 
5M 
10M 


B 
T 
T 

B 
B 
B 
B 
B 


2N1307 

2N1308 

2N1309 

2N1309A 

2N1310 

2N131 1 

2N1312 

2N1313 

2N1314 

2N1315 


G 
G 
G 
G 
G 
S 
G 
G 
G 
G 


P 
N 
P 
P 
N 
N 
N 
P 
P 
P 


2N3611 
2N3611. 


6-110 
6-110 


MSS 
MSS 
MSS 
MSS 
SPP 
SPP 
MSA 
MSS 
LPA 
LPA 


150M 
150M 
150M 
. 15W 
120M 
120M 
120M 
18W 
125W 

125W 


A 
A 
A 
A 
A 
A 
A 
A 
C 
C 


85 
85 
85 
85 
85 
85 
85 
100 
90 
90 


30 
25 
30 
35 
90 
75 
50 
30 
40 
32 


15 
90 
75 
50 
15 
40 
16 


0 

0 

R 


60 
80 
80 
80 
20 
15 
20 
40 
20 
45 


3C0 

125 
55 
135 


10M 
10M 
10M 
10M 
5M 
5M 
20M 

1A 
1A 


.2 
.2 
.2 
.2 

.28 


10M 
10M 
10M 
10M 

20M 
.3A 






10M 
15M 
15M 
15M 

6M 


B 
B 
B 
B 

B 


2NI3I6 
2N1317 
2N 1318 
2N1319 
2N1320 
2N132 1 
2N 1322 
2N1323 
2N1324 
2N1325 


b 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
N 
P 
N 
P 
N 






MSS 
MSS 
MSS 
BMS 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


.ZVi 

.2W 

.2W. 
120M 
20W 
25W 
20W 
25W 
20W 
25W 


A 
A 
A 
A 
C 
C 
C 

c 
c 
c 


bb 
85 
85 
71 
85 

100 
85 

100 
85 

100 


20 
10 

20 
35 
35 
60 
60 
80 
80 


1 b 
12 

6 
20 
30 
30 
60 
45 
80 
60 


U 
0 
0 
V 

s 
s 
s 
s 
s 
s 


bU 
45 
40 
15 
40 
30 
40 
30 
40 
30 


2L'U 
180 
150 


.4A 
.5A 
.5A 
• 5A 
.5A 
.5A 
.5A 


.3 


.4A 

1A 
1A 
1A 
1A 
1A 
1A 






IUM 

10M 
10M 
3M 


B 
B 
B 
T 


2NI326 
2N1327 
2N1328 
2N1329 
2N1330 
2N1331 
2N1332 
2N1333 
2N1334 
2N1335 


G 
G 
G 
G 
G 
G 
G 
G 
G 
S 


P 
N 
P 
N 
N 
P 
N 
P 
N 
N 






LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
HP A 


2UW 
25W 
20W 
25H 
25W 
20W 
25W 
20W 
25W 

.aw 


c 

c 
c 
c 
c 
c 
c 
c 

C 
A 


85 
100 

85 
100 
100 

85 
100 

85 
100 
175 


100 
100 
35 
35 
60 
80 
80 
100 
100 
120. 


100 
80 
30 
30 
45 
80 
60 

100 
80 
45 


s 
s 
s 
s 
s 
s 
s 
s 
s 

0 


40 
30 
40 
30 
30 
40 
30 
40 
30 
10 


150 


.5A 
.5A 
.5A 
.5A 
.5A 
.5A 
.5A 
.5A 
.5A 
30M 


i 


1 A 
1A 
1A 
1A 
1A 
1A 
1A 
1A 
1A 






70M 


T 


2N Ii36 
2N1337 
2N1338 
2N1339 
2NT340 
2N134 1 
2N1342 
2N1343 
2N1344 
2N1345 


S 
S 

s 
s 
s 
s 
s 

G 
G 
G 


N 
N 
N 
N 
N 
N 
N 
P 
P 
P 






HP A 
HP A 
HP A 
HP A 
HP A 
HPA 
HP A 
MSA 
MSS 
MSS 


.8W 
.8W 

-8W 

.aw 

• 8W 
.8W 
,8W 
. 15W 
. 15W 
. 15W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


175 
175 
175 
175 
175 
175 
175 
85 
85 
85 


120 
120 
80 
120 
120 
120 
150 
20 
15 
10 


45 
45 
25 
50 
50 
50 
65 
16 
10 
8 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


10 
10 
10 
10 
10 
10 
10 
15 
60 
30 


150 
150 
150 
150 
150 
150 
150 

ICO 


30M 
30M 
30M 
30M 
30M 
30M 
30M 
50M 
20M 
.4A 










70M 
70M 
70M 
70M 
70M 
70M 
70M 
4N 
7M 
10M 


T 
T 
T 
T 
T 
T 
T 
B 
B 
B 


2N1346 
2N1347 
2N1352 
2N1353 
2N1354 
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1 25 
125 


20 


20 




10 
10 




9M 

2M 














2N1745 


G 


P 


2N3285 


9-44 


RFC 


60M 


A 


100 


20 


20 


S 


10 




2M 














2N1746 


G 


P 


2N3323 


9-66 


RFC 


60M 




100 


20 


20 




10 














1 OOM 


M 


2N1747 


G 


P 


2N3324 


9-66 


RFC 


60M 




i oo 


20 






10 




1M 














2N1748 
2N1748A 


G 
G 


P 
P 


2N3324 
2N3323 


9-66 
9-66 


VAC 
VAC 


60M 


A 


100 


25 


25 
25 


s 












30 
50 


E 
E 


BOM 
100M 


T 
T 


2N1749 


G 


P 


2N3323 


9-66 


VAC 


75M 




100 


40 


40 






















2N1750 


G 


P 






AFC 


15M 


A 


75 


14 


6 


s 


18 


40 


500* 










30M 


M 


2N1751 


G 


P 


2N2832 


6-87 


LPA 






110 


80 


80 


s 


30 


90 


20A 


.5 


20A 


20 


E 


1.5M 


B 


2N1752 


G 


P 


2N3325 


9-66 


AFC 


60M 


A 


100 


12 


12 


s 












50 


E 


50M 


M 


2N1753 
2N1754 


G 
G 


P 
P 


2N964 


8-48 


RFA 
HSS 


30M 
50M 


^ 


85 


30 


1 8 




50 
20 


220 
















2N1755 


G 


P 


2N2137 


6-74 


PMS 




Q 


95 


40 


35 




30 


75 






3A 






IbK 




2N1756 


G 


P 


2N2138 


6-74 


PMS 


28W 




95 


60 




J? 


30 


75 


*5A 




3A 










2N1757 
2N1758 


G 
G 


P 
P 


2N2139 
2N2140 


6-74 
6-74 


PMS 
PMS 


28W 
28W 


C 

C 


95 
95 


80 
100 


65 
75 


s 
s 


30 
30 


75 
75 


^5A 
.5A 


.7 
.7 


3A 
3A 






15K 
15K 


E 
E 


2N1759 
2N1760 
2N1761 
2N1762 


G 
G 
G 
G 


P 
P 
P 
P 


2N2142 
2N2143 
2N2144 
2N2145 


6-74 
6-74 
6-74 
6-74 


PMS 
PMS 
PMS 
PMS 


28W 
28W 
28H 
28W 


C 

c 
c 
c 


95 
95 
95 
95 


40 
60 
80 
100 


35 
50 
65 
75 


s 
s 
s 
s 


60 
60 
60 
60 


150 
150 
150 
150 


« 5 A 
.5A 
-5A 
• 5A 


• 5 
.5 
.5 

• 5 


3A 
3A 
3A 
3A 






15K 
15K 
15K 
15K 


E 
E 
E 
E 


2N1763 


S 


N 






MSS 


. 3 W 


A 


1 75 


40 


25 


0 








1 .5 


10M 










2N176U 


S 


N 






MSS 


■ 3W 


A 


1 75 


20 


15 


0 








1.5 


10M 










2N1765 


Tl 


LVI 


istor^ se 


5 Table c 


n Paj 


;e 1-161 






























2N1768 
2N1769 
2N1770 


S 
S 


N 
N 


2N3713 
2N3713 


6-117 
6-117 


MSS 
MSS 


40W 
40 W 


C 
C 


200 
200 


60 
1 00 


40 
55 


0 
0 


35 
35 


100 
100 


750M 
750M 


.75 
.75 


750M 
750M 






600K 
600K 


B 
B 


thru 
2N1778 


Tl 


yr 


istors, s 


ie Table 


on P 


ige 1-lc 






























2N1779 


G 


P 






MSS 


1 0 OM 




1 00 


25 


20 


ft 


20 


60 


30 M 














2N1780 


S 


P 






MSS 


100M 


A 


100 


25 


25 


R 


30 


110 


30M 










4M 


B 


2N1781 


G 


P 






MSS 


100M 


A 


100 


25 


25 


X 


40 




20M 


.15 


12M 






4M 


B 


2N1782 


G 


P 






MSS 








30 


20 




30 


150 


1 OM 


.20 


50M 






5M 


B 


2N1783 


G 


P 






MSS 


100M 


A 


100 


30 


15 


0 


20 




10M 


.32 


200M 


30 


E 


5M 


B 


2N1784 


G 


P 






MSS 


100M 


A 


100 


30 


20 


0 


20 




10M 


.32 


200M 






10M 


B 


2N1785 


G 


P 


2N3324 


9-66 


RFC 


45M 


A 


85 


10 


10 


s 


40 




1M 










50M 


M 


2N1786 


G 


P 


2N3323 


9-66 


RFC 


45M 


A 


85 


10. 


10 


s 


15 




1M 










50M 


M 


2N1787 


G 


P 


2N3324 


9-66 


RFC 


45M 




85 


1 5 


] 5 


5 


25 




1 M 










50M 


M 


2N1788 


G 


P 


2N3324 


9-66 


RFC 


50M 


A 


100 


35 


35 


s 


50 




1M 










I OOM 


M 


2N1789 
2N1790 
2N1792 


G 
G 


P 
P 


2N3325 
2N3323 


9-66 
9-66 


RFC 
RFC 


60M 
60M 


A 
A 


100 

too 


35 
35 


35 
35 


s 
s 


20 
40 




1M 
1M 










I00M 
100M 


M 
M 


thru 
2N1807 


Tl 


yr 


istors, s 


se Table 


on P 


ige 1-li 


1 







































































1-127 



Numerical Index 



2N1808 — 2N1916 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


«| 


i= 

o 

°" 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


p 

@25°C 


s. 

K 


Tj 
°C 


Vr-nr. 

*CBO 

(volts) 


V CE— 

(volts) 


1 
1 


(min) (max) 


' 1 


^CE(SAT) 

(volts) 


1 




1 




1 
5> 


2N1808 


G 


N 






MSA 


150M 


A 


85 


25 












- 15 


12M 






4M 


B 


2N1809 


S 


N 






PMS 


250W 


c 


1 75 


50 


50 




10 




1 0A 


1.5 


1 0A 










2N18 10 


S 


N 






PMS 


250W 




1 75 


1 00 


100 


y 


10 




1 OA 


1.5 


1 OA 










2N1811 


S 


N 






PMS 


250W 


c 


175 


150 


150 


V 


10 




10A 


1.5 


10A 










2N1812 
2N1813 
2N181U 


S 
S 
S 


N 
N 
N 






PMS 
PMS 
PMS 


250W 
250W 
250W 


Q 

c 
c 


1 75 
175 
1 75 


200 
250 
300 


200 
250 
300 


v 
v 


10 
10 
10 




1 0A 
1 0A 
10A 


1 .5 
1 .5 
1 .5 


1 OA 
10A 
1 OA 










2N1816 


S 


N 






PMS 




c 


1 75 


50 


50 


v 


10 




15A 


1 . 5 


15A 










2N1817 
2N1818 


S 
S 


N 
N 






PMS 
PMS 


250W 
25 0W 


c 


1 75 
1 75 


1 qo 
1 50 


100 
1 50 


y 


10 
10 




1 5A 
1 5A 


1 «5 
1.5 


1 5A 
1 5A 












s 


N 






PMS 


250W 


I 


1 ^b 


2UQ 


200 


V 


10 




IbA 


l.b 


IbA 










2N1820 


s 


N 






PMS 


25 ow 


c 


175 


250 


250 


v 


10 




1 5A 


1 .5 


15A 










2N 182 1 
2N1823 


s 
s 


N 
N 






PMS 
PMS 


250W 
25 OW 


c 
c 


1 75 
1 75 


300 
50 


300 
50 


v 
v 


10 
10 




1 5A 
20A 


1 .5 
1 .5 


1 5A 
20A 










2N1824 


s 


N 






PMS 




c 


1 75 


1 00 


100 


v 


10 




20A 


1 .5 


20A 










2N1825 


s 


N 






PMS 


250W 


c 


1 75 


150 


150 


v 


10 




20A 


1 .5 


20A 










2N1826 


s 


N 






PMS 


250W 


c 


1 75 


200 


200 


v 


10 




20A 


1.5 


20A 










2N1827 


s 


N 






PMS 


250W 


c 


175 


250 


250 


V 


10 




20A 


1.5 


20A 










2N1828 


s 


N 






PMS 


25 OW 


c 


175 


300 


300 


v 


10 




20A 


1.5 


20A 










2N1830 


s 


N 






PMS 


250W 


c 


1 75 


50 


50 


v 


10 




25A 


1 .5 


25A 










2N1831 


s 


M 






PMS 


250W 


c 


175 


100 


100 


V 


10 




25A 


1.5 


25A 










2N1832 


s 


N 






PMS 


250W 


c 


1 75 


1 50 


150 


v 


10 




25A 


1 .5 


25A 










2N1833 


s 


N 






PMS 


250W 


c 


1 75 


200 


200 


y 


10 




25A 


1 • 5 


25A 










2N1834 


s 


N 






PMS 


250W 


c 


1 75 


250 


250 


v 


10 




25A 


1 .5 


25A 










2N1835 


s 


N 






PMS 


250W 


c 


175 


300 


300 


V 


10 




25A 


1.5 


25A 










2N1837 


s 


N 


2N2218 


8-74 


HSS 


800M 


A 


300 


80 


30 


o 


40 


120 


150M 


• 8 


1 50M 






1 40M 


j 


2N1837A 
2N1837B 


s 
s 


N 
N 


2N2218 


8-74 


HSS 
HSS 


. 8W 
.8W 


A 
A 


175 
200 


80 
80 


30 
30 


0 

o 


40 
40 


120 
120 


. 15A 
. 15A 


.8 
.8 


. ISA 
. 15A 






140P 
140M 


T 
j 


2N1838 


s 


N 


2N2218 


8-74 


HSS 


.6W 


A 


175 


1+5 


20 


0 


40 


150 


. 1A 


1.4 


.1A 






90M 


T 


2N1839 


s 


N 


2N2218 


8-74 


HSS 


.6W 


A 


1 75 


45 


20 


o 


12 


50 


. 1 A 


1 .4 


. 1 5A 






90M 


j 


2Mieuo 


s 


M 


2N2218 


8-74 


HSS 


.6W 


A 


175 


25 


15 


0 


10 


100 


. IbA 


1 .4 


. 15A 






90M 


T 


2N1841 


s 


N 






HPA 


2W 


A 


150 


100 


50 


0 


15 


50 


15M 


1 


1A 






60M 


E 


2N1842 










































thru 
2N1850 


Tl 


yr 


istors, s 


:e Table 


on P; 
































2N1853 
2N1854 


G 
G 


P 
P 






HSS 
HSS 


1 50M 
1 50M 


A 
A 


85 
85 


1 8 
1 8 


6 


Q 

o 


30 
40 




20M 


# 2 


20M 






40M 




2N1864 
2N1865 


G 
G 


P 
P 


2N3324 
2N3325 


9-66 
9-66 


RFC 
RFC 


60M 
60M 


A 
A 


100 
1 00 


20 
20 


20 
20 


s 
s 


10 
40 




1 M 
1 M 






20 




50M 


M 


2N1866 


G 


P 


2N3323 


9-66 


RFC 


60M 


A 


1 00 


35 


35 


s 


40 




1 M 














2N1867 
2N1868 
2N1869 


G 
G 


P 
P 


2N3324 
2N3325 


9-66 
9-66 


RFC 
RFC 


60M 
60M 


A 
A 


1 00 
1 00 


35 
20 


35 
20 


s 
s 


10 
10 




1 M 
2M 














thru 
2N1885 


Tl 


yr 


istors, s 


2e Table 


on Pi 


ge 1-1* 


1 




























2N1886 


S 


N 






HPA 


20W 


c 


1 75 


60 


60 


o 


20 


80 


• 5A 


5 


1 A 






2M 


J 


2N1889 


S 


N 


2N3498 


8-161 


RFA 


800M 


A 


200 


100 


80 


R 


40 


120 


150M 


5 


1 50M 


30 




50m 


J 


2N1890 


s 


N 


2N3499 


8-161 


RFA 


800M 


A 


200 


100 


80 




100 


300 


150M 


5 


1 50M 


50 




60M 


j 


2N189 1 


G 


N 






BMS 


1 50M 


A 


85 


25 


1 5 


o 


25 




100M 


.15 


1 00M 






5M 


Q 


2N1892 


G 


P 






MSS 


1 50M 


A 


85 


30 


1 5 


o 


40 


200 


1 OM 


.2 


1 0M 


30 




5M 




2N1893 


S 


N 




8-70 


RFA 


800M 


A 


200 


120 


100 




40 


120 


150M 


5 


150M 


30 




50M 


•f 


2N1893A 


S 


N 


2N3498 


8-161 


HPA 


.8W 


A 


200 


140 


80 


o 


40 


120 


. 15A 


2 


. 15A 


30 




1 0OM 


J 


2N1894 


S 


N 






LPA 






200 


60 


60 




12 


60 


1 A 


5 


1 A 










2N1895 
2N1896 


S 
S 


N 
N 






LPA 
LPA 






200 
200 


80 
60 


80 
60 


ft 
ft 


12 

45 


60 
135 


1 A 
1 A 


10 


1 A 
1 A 






25M 


J 


2N1897 


S 


N 






LPA 






200 


80 


80 


ft 


45 


135 


1 A 




1 A 






25M 


J 


2N1898 


S 


N 






LPA 






200 


1 00 


1 00 


ft 


45 


135 


1 A 


ii 


1 A 






25M 


J 


2N1899 


S 


N 






PHS 


125W 


c 


150 


1 40 


50 


o 


10 


30 


10A 




1 0A 






50M 


y 


2N1900 


S 


N 






HPA 


125W 


c 


1 50 


1 40 


50 


o 


8 




10A 


2 


10 A 






50M 


j 


2N1901 


S 


N 






PHS 


125W 


C 


150 


140 


50 


0 


20 


60 


10A 




10A 






50M 


T 


2N1902 


S 


N 






PHS 


1 25W 


c 


1 50 


140 


50 


o 


10 


30 


10A 




1 OA 






50M 


j 


2N1903 


s 


N 






HPA 


125W 


C 


150 


140 


50 


0 


8 




10A 




10A 






50M 


T 


2N1904 


s 


N 






PHS 


125W 


c 


150 


140 


50 


0 


20 


60 


lOA 




10A 






50M 


T 


2N1905 


G 


P 


2N2832 


6-87 


LPA 


30W 


c 


100 


100 


50 


0 


50 


150 


1A 




5A 


30 


E 






2N1906 


G 


P 


2N2832 


6-87 


LPA 


30W 


c 


100 


130 


60 


0 


75 


250 


1A 




5A 


50 


E 






2N1907 


G 


P 


2N2832 


6-87 


HPA 


60W 


c 


100 


100 


40 


0 










15A 






10M 


T 


2N1908 


G 


P 


2N2833 


6-87 


HPA 


60W 


c 


100 


130 


50 


0 








] 


15A 






10M 


T 


2N1909 










































thru 
2N1916 


Tl 


yr 


istors, s 


Be Table 


on P 











































































1-128 



Numerical Index 



2N1917 — 2N1995 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


3E 


1 

o 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


@25°C 


£ 


Tj 
°C 


VcBO 

(volts) 


V CE - 
(volts) 




(min) 


E <S 

(max) 




VcE(SAT) 

(volts) 




hf- 




f_ 




2N 19 1 7 
2N 19 18 
2N19 19 
2N1920 
2N1921 
2N1922 
2N1923 
2N1924 
2N1925 
2N1926 


s 
s 
s 
s 
s 
s 
s 

G 
G 
G 


P 
P 
P 
P 
P 
P 
N 
P 
P 
P 




7-37 
7-37 
7-37 


CHP 
CHP 
CHP 
CHP 
CHP 
CHP 
AFA 
AFA 
AFA 
AFA 


.25W 
.25W 
.25W 
.25W 
.25W 
.25W 
750M 
225M 
225M 
225M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


1 75 
175 
175 
175 
175 
175 
150 
100 
100 
100 


25 
25 
40 
40 
50 
80 
85 
60 
60 
60 


8 
8 
18 
18 
50 
80 
85 
40 
40 
40 


0 
0 
0 
0 
0 
0 
0 
R 
R 
R 


4 
34 
53 
72 


90 
65 
90 
121 


20M 
20M 
20M 


.003 
.004 
.005 
.005 
7 

. 1 1 
. 1 1 
. 1 1 


20M 
20M 
20M 
20M 


25 
25 

28 
30 
44 
60 


E 
E 

E 
E 
E 
E 


16M 
10M 
1M 
IN 
1M 
1M 

1M 
1 .3M 
1 -5M 


T 
T 

B 
B 
B 
B 

B 
B 
B 


2N1929 

thru 

2N1935 

2N1936 

2N1937 

2N1940 

2N1941 

2N1942 

2N1943 

2N1944 


Tl 

S 
S 
G 
S 
G 
S 
S 


yr 

N 
N 
P 
N 
P 
N 
N 


istors, s 


;e Table 


on P. 

LPA 
LP A 
HPA 
AFA 
MSS 
AFA 
MSS 


ge l-K 

150W 
150W 
3.5W 
.6W 
-2W 
800M 
.6W 


1 

C 
C 

c 

A 
A 
A 
A 


175 
175 
100 
175 
85 
200 
175 


125 
125 
30 
45 
20 
60 
20 


60 
80 
15 
30 
10 
60 
20 


0 
0 
0 
R 
0 
0 
R 


7 
7 

5 
30 
20 
30 
150 


50 
50 

150 
60 
90 

450 


10A 
10A 
40M 
10M 
.2A 
200M 
1M 


.75 
.75 
1 .8 
1.5 

5 


10A 
10A 

200M 
5M 

200M 


15 
15 

40 

12 

ICO 


E 
E 

E 

E 
E 


4M 
4M 

60M 
5M 

60M 


T 
T 

T 
B 

T 


2N1945 
2N1946 
2N1947 
2N1948 
2N1949 
2N1950 
2N195 1 
2N1952 
2N1953 
2N1954 


S 
S 
S 
S 

s 
s 
s 
s 
s 

G 


N 
N 
N 
N 
N 
N 
N 
N 
N 
P 


2N651 


7-20 


MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
AFA 
MSS 


.6W 
.6W 
.6W 
.6W 
.6W 
,6W 
• 6W 
.6W 
200M 


A 
A 
A 
A 
A 
A 
A 
A 
A 


175 
175 
175 
175 
175 
1 75 
175 
175 
100 


40 
2C 
30 
40 
20 
30 
40 
20 
60 


40 
20 
30 
40 
20 
30 
4C 
20 
20 


R 
R 
R 
R 
R 
R 
R 
S 
0 


150 

500 
500 
500 
250 
250 
250 
15 
30 


450 
800 
8C0 
800 
500 
500 
500 
150 
120 


1M 
. 1A 
. 1A 
. 1A 
. 1A 
. 1A 
.1A 
10M 
20M 


.3 


20M 


100 
100 
100 
100 
ICO 
75 
75 
75 
28 


E 
E 
E 
E 
E 
E 
E 
E 


60m 
60M 
60M 
60M 
60M 
60M 
60M 
60M 
40M 


j 
T 
T 
T 
T 
T 
T 
T 
T 


2N1955 

2N1956 

2N1957 

2N1958 

2N1958A 

2N1959 

2N1959A 

2N1960 

2N1961 

2N1962 


G 
G 
G 
S 
S 

s 
s 

G 
G 
S 


P 
P 
P 
N 
N 
N 
N 
P 
P 
N 


2N1L90 

2N651 

2N1187 

2N2537 

2N2537 

2N2537 

2N2537 

2N834 


7-28 
7-20 

7- 28 

8- 107 
8-107 
8-107 
8-107 

8-35 


MSS 
MSS 
MSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 


200M 
200M 
200M 
600M 
600M 
600M 
600M 
150M 
150M 
400M 


A 
A 
A 
A 
A 
A 
A 
A 
A 


1 00 
100 
100 
175 
175 
175 
175 
100 
100 
175 


60 
60 
60 
60 
60 
60 
60 
15 
12 
40 


1 8 
16 
14 
40 
40 
40 
40 
15 
12 
20 


o 

0 
0 
R 
R 
R 
R 

S 
R 


50 
30 
30 
20 
20 
40 
40 
25 
20 
20 


2 CO 
120 
120 
60 
60 
120 
120 

60 


20M 
20M 
20M 
150M 
150M 
150M 
150M 
10M 
10M 
10M 


. 175 
.175 
.175 
.45 
.45 
.45 
.45 
. 16 
.20 
.25 


20M 
20M 
20M 
150M 
150M 
150M 
150M 
10M 
10M 
10M 


1 


E 


100M 
100M 

100M 
200M 


T 
T 

T 
T 


2N1963 
2N1964 
2N1965 
2N1966 
2N1967 
2N1968 
2N1969 
2N1970 
2N1971 
2N1972 


S 
S 
S 
G 
G 
G 
G 
G 
G 
S 


N 
N 
N 
P 
P 
P 
P 
P 
P 
N 


2N834 

2N2539 

2N2539 

2N2140 
2N2219 


8-35 

8-107 

8-107 

6-70 
6-74 
8-74 


HSS 
HSS 
HSS 
SPP 
SPP 
SFP 
MSS 
LPA 
LPA 
RFA 


400M 
.4W 
. 12W 
. 12W 
. 12W 
150M 
150W 

•600M 


A 
A 
A 
A 
A 
A 
C 

A 


i~75 

175 
175 
75 
75 
75 
85 
100 
100 
175 


— jo~ 

60 
60 
35 
35 
35 
30 
100 
80 
60 


40 
40 
15 
15 
18 
15 
50 
40 
30 


R 
R 
R 
R 
R 
0 
B 
0 
R 


20 
40 

50 
17 
25 
1 10 


60 
120 

200 
40 
60 

350 


150M 
.15A 

200* 
5A 
.5A 

50M 


.45 
.45 

1 

.9 

2 


10M 
150M 
. 15A 

12A 

3A 

50M 


40 


E 


"200M 
100M 
100M 

10M 
5K 
15K 
50M 


-j 
T 
T 

B 
E 
E 
T 


2N1973 
2N1974 
2N1975 
2N1978 
2N1980 
2N1981 
2N1982 
2N1983 
2N1984 
2N1985 


S 

s 
s 
s 

G 
G 
G 
S 
S 
S 


N 
N 
N 
N 
P 
P 
P 
N 
N 
N 


2N2219 
2N3498 
2N3498 

2N2218 
2N2218 
2N2218 


8-74 

8-161 

8-161 

6-70 
6-70 
6-70 
8-74 
8-74 
8-74 


AFA 
AFA 
AFA 
HPA 
LPA 
LPA 
LPA 
AFA 
AFA 
AFA 


BOOM 
800M 
800M 
30W 
170W 
170W 
170W 
600M 
600M 
600M 


A 
A 
A 
C 

c 
c 
c 

A 
A 
A 


200 
200 
200 
200 
100 
100 
100 
150 
150 
150 


1 00 
100 
100 
60 
50 
70 
90 
50 
50 
50 


80 
80 
80 
40 
30 
40 
50 
25 
25 
25 


R 
R 
R 
R 
0 
0 
0 
0 
0 
0 


75 
35 
15 
20 
50 
50 
50 


100 
100 
100 


10M 
10M 
10M 
500M 
5A 
5A 
5A 


1 .2 
1.2 
1.2 
1.5 
.5 
.5 
.5 


50M 
50M 
50M 
1A 
5A 
5A 
5A 


76 
36 
18 

70 
35 
15 


E 
E 
E 

E 
E 

E. 


60M 
50M 
40M 
40M 
3K 
3K 
3K 
40M 
40M 
4QM 


T 
T 
T 
T 
E 
E 
E 
T 
T 
T 


2N1986 
2N1987 
2N1988 
2N1989 
2N1990 
2N1991 
2N1992 
2N1993 
2N1994 
2N 1995 


S 

s 

S 
S 
S 
S 
S 
G 
G 
G 


N 
N 
N 
N 
N 
P 
N 
N 
N 
*N 


2N2218 
2N2218 
2N2218A 
2N2218A 


8-74 
8-74 
8-80 
8-80 

8-64 


RFA 
RFA 
VID 
VID 
IND 
RFA 
HSS 
MSS 
MSS 
MSS 


600M 
600M 
600M 
600M 
600M 
600M 
.35W 
150M 
150M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


1 50 
150 
150 
150 
150 
150 
200 
100 
85 
85 


50 
50 
100 
100 
100 
30 
15 
30 
30 
25 


25 
25 
45 
45 

20 
15 
18 
1 5 
15 


0 
0 
0 
0 

0 
0 
0 
0 
0 


60 
20 
35 
20 
20 
15 
30 
50 
15 
25 


240 
80 

120 
60 

60 
120 
300 


150M 
150M 
30M 
30M 
30M 
150M 
1M 
10M 
10M 
10M 


1 .5 
1.5 
2 
2 
.5 
1.5 
.25 
0.2 
.25 
.25 


1 50M 
150M 
30M 
30M 
2M 
150M 
10M 
10M 
200M 
200M 


20 
10 


E 
E 


40M 
40M 
40M 
40M 

40M 
300M 
3M 
3M 
5M 


T 
T 
T 
T 

T 
T 

B 
B 
B 













































1-129 



Numerical Index • 



2N1996 — 2N2076 



TYPE 


1 

SE 


| 

a. 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


P D 
@25°C 




Tj 

°c 


VcBO 

(volts) 


V CE - 

(volts) 




h FE @ l c ^ 
(min) (max) = 


V C E(SAT)@»C ^ 

(volts) 1 




.a- 


f_ 

S 

3 


J 


2N1996 
2N1997 
2N1998 
2N1999 
2N2000 
2N2001 
2N2002 
2N2003 
2N2C0U 
2N2005 


G 
G 
G 
G 
G 
G 
S 
S 
S 
S 


N 
P 
P 
P 
P 
P 
P 
P 
P 
P 






MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
CHP 
CHP 
CHP 
CHP 


150M 
25CM 
250M 
250M 
300M 
300M 
.25W 
.25W 
.25W 
.25W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


85 
100 
100 
100 
ICO 
100 
200 
200 
175 
200 


20 
45 
35 
30 
50 
30 
30 
30 
50 
50 


15 
15 
15 
15 
15 
15 
5 
5 
15 
15 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


35 
40 
70 

100 
50 

100 

12 


200 
225 
350 
300 


10M 
100M 
100M 
100M 
100M 
100M 

1M 


.25 
-2 
.2 
.2 

.35 
.2 


200M 
10M 
10M 
10M 
500M 
100M 


15 


E 


8M 
3M 
5.6N 

10M 
2M 
6M 

.5N 


B 
B 
T 
T 

B 
B 

B 


2N2006 

2N2007 

2N2008 

2N2009 

thru 

2N2014 

2N2015 

2N2016 

2N2017 

2N2018 


S 
S 
S 

Tl 

S 

s 
s 
s 


P 
P 
N 

yr 

N 
N 
N 
N 


2N3500 

Lstors, s 

2N3715 
2N3715 

2N3738 


8-161 

ie Table 

6-117 
6-117 

6-125 


CHP 
CHP 
AFA 

Dn Pi 

AFA 
AFA 
AFA 
HPA 


.25W 
.25W 

800M 

ge l-K 

150W 
15GW 
1W 
20W 


A 
A 
A 

1 

C 
C 
A 
C 


200 
200 
200 

200 
200 
200 
175 


60 
60 
175 

100 
130 
60 
150 


35 
35 

no 

50 
65 
60 
150 


0 
0 
0 

0 
0 
0 
V 


30 

15 
15 
50 
20 


90 

50 
50 
2C0 
60 


10M 

5A 
5A 
200M 
.5A 


2.5 

1.25 
1.25 

6 


25M 

5A 
5A 

1A 


20 

12 
12 
30 


E 

E 
E 
E 


40M 

12K 
12K 

2M 


T 

E 
E 

T 


2N2G19 

2N2020 

2N202 1 

2N2C22 

2N2023 

thru 

2N2031 

2N2032 

2N2033 

2N2034 


s 
s 
s 

G 

Tt 

S 
S 
S 


N 
N 
N 
P 

yr 

iN 
N 
N 


2N3738 
2N3738 
2N3738 

Lstors, S( 
>N3713 


6-125 
6-125 
6-125 

ie Table 
6-117 


HPA 
HPA 
HPA 
HSS 

>n Ti 

HPA 
PMS 
PMS 


20W 
20W 
20W 
. 15W 

ge 1-16 

45W 
5W 
14W 


C 
C 
C 
A 

L 

C 
C 
C 


175 
175 
175 
ICO 

200 
200 
200 


200 
150 
200 
15 

45 
80 
80 


200 
125 
140 
12 

45 
60 
60 


V 
0 
0 

s 

0 
0 
0 


20 
40 
40 
25 

20 
20 
20 


60 
90 
90 
150 

60 
60 


.5A 
.5A 
.5A 

10M 

2A 
500M 
1A 


6 
6 
6 

1.2 

5 
.4 
.3 


1A 
1A 
1A 

50M 

2A 
500M 
1A 






2H 
3M 
3H 
250M 

3M 
1M 
1M 


T 
T 
T 
T 

T 
T 
T 


2N2035 

2N2036 

2N2038 

2N2039 

2N204G 

2N204 1 

2N2042A 

2N2043A 

2N2044 

thru 


S 

s 
s 
s 
s 
s 

G 
G 

Tt 


N 
N 
N 
N 
N 
N 
P 
P 

yr 


.stors, 


7-39 
7-39 

;e Table 


PMS 
PMS 
RFA 
RFA 
RFA 
RFA 
AFA 
AFA 

311 Pc 


17W 
17. 5W 
.6W 
,6W 
.6W 
.6W 
200M 
200M 

ge 1-16 


C 
C 
A 
A 
A 
A 
A 
A 

L 


200 
200 
200 
200 
200 
200 
100 
ICO 


80 
80 
45 
75 
4b 
75 
105 
105 


60 
60 
45 
75 
45 
75 
105 
105 


0 
0 
0 
0 
0 
0 

s 
s 


20 
20 
12 
12 
30 
30 
20 
40 


60 
60 
36 
36 
90 
90 
50 
ICO 


1.5A 
2A 
.2A 
.2A 
.2A 
.2A 
5M 
5M 


.45 

1 

6 
6 
6 
6 

.75 
.75 


1.5A 
2A 
.2A 
.2A 
.2A 
.2A 
100M 
100M 


20 
45 


E 
E 


1M 
1M 
2V 
2M 
2M 
2M 
.5M 
.75M 


T 
T 
T 
T 
T 
T 
B 
B 


2N2047 

2N2048 

2N2048A 

2N2049 

2N2059 

2N2060 

2N2060A 

2N2C6 1 

2N2061A 

2N2062 


G 
G 
S 
G 
S 
S 
G 
G 
G 


P 
P 
N 
P 
N 
N 
P 
P 
P 


2N2955 
2N2219A 

2N3611 
>N3611 


8-119 

8-74 

11-4 
11-4 
6-110 

6-110 


HSS 
HSS 
LNA 
MSS 
DFA 
OFA 
SAC 
PMS 
SAC 


150M 
lbOM 
800M 

60M 
500M 

.5W 

uow 

90W 

40w 


A 
A 
A 
A 
A 
A 
C 
C 
C 


100 
100 

200 
100 
200 
200 

85 
100 

85 


20 
30 
75 
10 
100 
100 
20 
20 
20 


15 
20 
50 
8 
80 
60 
10 
lb 
10 


□ 

0 
R 

s 

R 
0 
0 
0 
0 


50 
50 
100 
20 
50 
50 
10 
20 
20 


300 
300 
3C0 

150 
150 
60 
60 
200 


10M 
10M 
150M 
10M 
10M 
10M 
.5A 
2A 
2A 


. 14 
. 14 
.4 
.2 
1.2 
.6 
2 
1 
1 


10M 
10M 
10M 
10M 
50M 
50M 
.5A 
5A 
2A 


75 

50 
50 


E 

E 
E 


150M 
7.5K 

50* 
50M 
60M 
60M 
2K 
5K 
2K 


T 
E 
T 
T 
T 
T 
E 
E 
E 


2N2062A 

2N2063 

2N2063A 

2N2064 

2N2064A 

2N2065 

2N206bA 

2N2066 

2N2066A 

2N2067 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 


2N3611 
2N3611 
2N3615 
>N3615 
?N1S3fi 


6-110 
6-110 
6-113 
6-113 
fi-Sfi 


PMS 
SAC 
PMS 
SAC 
PMS 
SAC 
PMS 
SAC 
PMS 
SAC 


90W 
35W 
90W 
35W 
90W 
35W 
90W 
35W 
90W 
28W 


C 
C 
C 
C 
C 
C 
C 
C 
C 
C 


100 

95 
100 

95 
100 

95 
100 

95 
100 

95 


20 
40 
40 
40 
40 
80 
80 
80 
80 
40 


15 
15 
20 
15 
20 
25 
40 
25 
40 
25 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


50 
10 
20 
20 
50 
10 
20 
20 
50 
20 


140 
2C0 

60 
200 
140 
200 

60 
200 
140 
ICO 


2A 
2A 
2A 
2A 
2A 
2A 
2A 
2A 
2A 
.5A 


.7 

2 
1 
1 

.7 

2 
1 
1 

.7 
.7 


5A 
2A 
5A 
2A 
5A 
2A 
5A 
2A 
5A 
1A 






IK 

2K 
5K 
2K 
IK 
2K 
5K 
2K 
IK 
7K 


E 

E 
E 
E 
E 
E 
E 
E 
E 
E 


2N2068 

2N2069 

2N2070 

2N207 1 

2N2072 

2N2074 

2N2075 

2N2075A 

2N2076 


G 

G 

G 

G 

G 

Tl 

G 

G 

G 


P 
P 
P 
P 
P 

yr 
P 
P 
P 


2N1531 
2N1539 
2N1541 

Lstor, se 


6-56 
6-56 
6-56 

» Table o 
6-71 
6-71 
6-71 


SAC 
SAC 
SAC 
SAC 
SAC 
n Paj 
LPA 
LPA 
LPA 


28W 
70W 
70W 
70W 
70W 
;e 1-161 
170W 
170W 
WOW 


C 
C 

c 
c 
c 

c 
c 
c 


95 
95 
95 
95 
95 

1 10 
110 
1 1 0 


80 
40 
80 
40 
80 

80 
80 
70 


55 
30 
60 
30 
60 

8C 
80 
70 


0 

s 
s 
s 
s 

s 
s 
s 


20 
30 
30 
30 
30 

20 
20 
20 


100 
200 
2C0 
2C0 
2C0 

40 
40 
40 


.5A 

5A 
5A 
5A 
5A 

5A 
5A 
5A 


.7 
1.5 
1.5 
1 .5 
1.5 

.7 
.7 
.7 


1A 
12A 
12A 
12A 
12A 

12A 
12A 
12A 






7K 
1.5K 
1.5K 
1.5K 
1.5K 

5K 
5K 
5K 


E 
E 
E 
E 
E 

E 
E 
E 













































1-130 



Numerical Index 



2N2076A— 2N2140 







| 








MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


■S 
z 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 
@25°C 


S. 


Tj 

°c 


(volts) 


V C E- 

(volts) 




(min) (max) 


5 'c 


Vcecsat; 
(volts) 


@l c ^ 


h 

"f— 


.a- 

1 


f_ 

a 




2N2076A 

2N2077 

2N2077A 

2N2078 

2N2078A 

2N2079 

2N2079A 


G 
G 
G 
G 
G 
G 
G 


P 
P 
P 
P 
P 
P 
P 




6-71 
B-71 
6-71 
6-71 
6-71 
6-71 
6-71 


LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


170W 
170W 
170W 
170W 
170W 
170W 


C 
C 
C 
C 

c 

C 

c 


no 
no 

110 
110 
110 
110 


50 
50 
40 
40 
80 
80 


7q 

50 
50 
40 
40 
80 
80 


S 
S 

s 
s 
s 
s 


20 
20 
20 
20 
20 
35 
35 


40 
40 
40 
40 
40 
70 
70 


— 5~a" 

5A 
5A 
5A 
5A 
5A 
5A 


■ m j~ 
.9 
.9 
.9 
.9 
.7 
.7 


— 1 2 A 
12A 
12A 
12A 
12A 
12A 
12A 






— 5"R~ 
5K 
5K 
5K 
5K 
5K 
5K 


E 
E 
E 
E 
E 
E 


2N2080 
2N2080A 


G 
G 


P 
P 




6-71 
6-71 


LPA 
LPA 


1 70W 
170W 


c 

C 


110 
1 10 


70 
70 


70 
70 


s 
s 


35 
35 


70 
70 


5A 
5A 


.7 
.7 


12A 
12A 






5K 
5K 


E 
E 


2N20H1 

2N2081A 

2N2082 

2N2082A 

2N2083 

2N2084 

2N2085 

2N2086 

2N2087 

2N2089 


G 
G 
G 
G 
G 
G 
G 
S 
S 
G 


P 
P 
P 
P 
P 
P 
N 
N 
N 
P 




6-71 
6-71 
6-71 
6-71 


LPA 
LPA 
LPA 
LPA 
AFC 
RFA 
AFA 
HSS 
HSS 
RFC 


170W 
170W 
170W 

60M 
125M 
150M 
600M 
600M 

. 1W 


c 
c 

A 
A 
A 
A 
A 
A 


1 10 
110 
1 10 

85 
100 
100 
175 
175 

85 


50 
40 
40 
30 
40 
33 
120 
120 
20 


50 
40 
40 

20 
23 
80 
80 
20 


s 
s 
s 

0 
X 
R 
R 
R 


3b 
35 
35 
35 
25 
40 
50 
20 
40 
40 


/U 
70 
70 
70 

250 
300 

120 


5A 
5A 
5A 
1M 
1M 
10M 
150M 
150M 
1M 


.9 
.9 
.9 
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(volts) 


@ lc 


hf- 


.5- 

a 
% 




E 


2N2140A 


G 


P 
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100 


45 


45 


s 


50 


100 


• 5A 


.5 


2A 
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2N2331 


s 


N 




8-87 


CHP 


.5W 


A 


150 


30 


20 


0 


50 




10M 










100M 


T 


2N2332 


s 


P 






CHP 


. 15W 


A 


200 


15 


15 


0 




















2N2333 


s 


P 






CHP 


. 15W 


A 


200 


15 


5 


0 
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Numerical Index 



2N2334 — 2N2400 



TYPE 


z 


| 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


P D 
@25°C 




Tj 
°C 


VcBO 

(volts) 


Vce- 
(volts) 




Hre @ lc „ 
(min) (max) => 


V CE(SAT)@'c 

(volts) I 


h,_ || 


f_ 

3 




2N2334 
2N2235 

2N2337 
2N2338 
2N2339 
2N2340 
2N234 1 
2N2342 
2N2343 


S 
S 

s 
s 
s 
s 
s 
s 
s 
s 


P 
P 
P 
P 
N 
N 
N 
N 
N 
N 


2N3713 
3J310L 


6-117 
6-152 


CHP 
CHP 
CHP 
CHP 
LPA 
LPA 
HPA 
HP A 
HPA 
HPA 


. 15W 
. 15W 
. 15W 
. I5W 

1S0W 
40W 
15W 
15W 
15W 
15W 


A 
A 
A 
A 
C 
C 
C 

c 
c 
c 


200 
200 
200 
200 
200 
200 
175 
175 
175 
175 


30 
30 
50 
50 
60 
60 
50 
50 
100 
100 


15 
15 

35 
35 
40 
40 
40 
40 
40 
40 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


7 
6 
10 
40 
10 
40 


40 
ICO 

40 
100 


6A 
1.5A 

750M 
750M 
750M 
750M 


1.5 
1.5 

4 
4 

3 

2.5 


3A 
.3A 

750M 
750M 
750M 
750M 


12 
12 


E 
E 


15K 
.7M 

550K 
350K 
550K 
350K 


E 
T 
E 
E 
E 
E 


2N2344 

thru 

2N2348 

2N2349 

2N2350 

2N2350A 

2N2351 

2N2351A 

2N2352 

2N2352A 


Tl 

s 
s 
s 
s 
s 
s 
s 


yr 

N 
N 
N 
N 
N 
N 
N 


istors, s 


ie Table 


on P 

AFA 
HSA 
HSA 
HSA 
HSA 
HSA 
HSA 


ige l-U 

150M 
400M 
400M 
400M 
400M 
400M 
400M 


1 

A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
200 
200 
200 
200 


40 
60 
60 
80 
80 
60 
60 


24 
40 
40 
50 
50 
40 
40 


0 
0 
0 
0 
0 
0 
0 


120 
100 
100 
40 
40 
20 
20 


250 
300 
3C0 
120 
1 20 
60 
60 


10M 
150M 
150M 
150M 
1 50M 
150M 
150M 


1 .5 
.35 
.25 
.35 
.25 
.35 
.25 


10M 
150M 
150M 
150M 
1 50M 
150M 
150M 


60 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 


E 
E 
E 
E 
E 
E 
E 






2N23S3 

2N2353A 

2N2354 

2N2356 

2N2356A 

2N2357 

2N2358 

2N2359 

2N2360 

2N2361 


s 
s 

s 
s 

G 
G 
G 
G 
G 


N 
N 
N 
N 
N 
P 
P 
P 
P 
P 


2N3283 
2N3284 


9-44 
9-44 


HSA 
HSA 
AFC 
CHP 
CHP 
PMS 
PMS 
PMS 
RFC 
RFC 


400M 
400M 

. lew 

. 6W 
.6W 

170W 
170W 
170W 
60M 
60M 


A 
A 
A 
A 
A 
C 
C 
C 
A 
A 


200 
200 
85 
200 
200 

no 

110 
1 10 
125 
125 


4b 
45 
20 
25 
25 
60 
100 
120 
20 
20 


2b 
25 
15 
7 
7 
30 
60 
80 
20 
20 


0 
0 
R 
0 
0 
0 
0 
0 
0 
0 


20 
20 
50 

30 
30 
30 
10 
10 


150 

90 
90 
90 


IbUM 
150M 
35M 

20A 
20A 
20A 
2M 
2M 


.3b 
.25 

.9 
.9 
.9 


IbUM 
150M 

50A 
50A 
50A 


2.5 

20 
20 
20 


h 
E 

E 
E 
E 


50K 
50M 
.6V 
.6M 
,6f 


T 
T 
T 
T 
T 


2N236* 

2N2363 

2N2364 

2N2364A 

2N2368 

2N2369 

2N2369A 

2N2370 

2N237I 

2N2372 


G 
G 
S 
S 

s 
s 
s 
s 
s 
s 


P 
P 
N 
N 
N 
N 
N 
P 
P 
P 


2N3284 

2N3227 
2N3227 
2N3227 


9-44 

8-92 
8-92 
8-92 


RFC 
RFA 
HSS 
HSS 
HSS 
HSS 
HSS 
LNA 
LNA 
LNA 


60M 
75M 
400M 
400M 
360M 
360M 
360M 
.2W 
.2W 
. I5W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


100 
100 
200 
200 
200 
200 
200 
200 
200 
200 


20 
30 
120 
120 
40 
40 
40 
15 
15 
15 


20 
20 
80 
80 
40 
40 
40 
15 
15 
15 


s 

0 
0 
0 

s 
s 
s 

0 
0 
0 


10 
10 
40 
40 
20 
40 

15 
20 
15 


2C0 
120 
120 
60 
120 
120 


2M 
2M 
150M 
150M 
10M 
10M 
10M 
25* 
25* 
25* 


.35 
.25 
.25 
.25 
.2 


150M 
150M 
10M 
10M 
10M 


10 

15 
20 
15 


E 

E 
E 
E 


250M 
50M 
SQM 
400M 
500M 
5 OOP 


T 
T 
T 
T 
T 
T 


2N2373 

2N2374 

2N2375 

2N2376 

2N2377 

2N2378 

2N2379 

2N2380 

2N2380A 

2N2381 


s 

G 
G 
G 
S 
S 
G 
S 
S 
G 


P 
P 
P 
P 
P 
P 
P 
N 
N 
P 


2N3427 
2N1193 
2N1193 


7-41 
7-30 

7- 30 

8- 96 


LNA 
AFC 
AFC 
AFC 
RFA 
RFA 
PMS 
HSS 
HSS 
HSS 


. IbW 

250M 
250M 
250M 
150M 
150M 
150W 
600M 
600M 
300M 


A 
A 
A 
A 
A 
A 
C 
A 
A 
A 


200 
100 
100 
100 
140 
140 
95 
175 
175 
100 


15 

35 
35 
35 
25 
10 
100 
80 
80 
30 


lb 
35 
35 
35 
25 
10 
80 
40 
40 
15 


0 

s 
s 
s 

0 
0 

s 

0 
0 
0 


2(J 
100 
35 
35 
10 
15 
25 
20 
20 
40 


3C0 
1 10 
1 10 
ICO 

37 
120 
120 


<db* 
100M 
100M 
100M 

5M 
15M 

5A 
150M 
150M 
200M 


1 

1.3 
1.3 

.40 


15A 
150M 
150M 
200M 


2U 
100 
35 
35 
15 

60 


b 
E 
E 
E 
E 

E 


8M 
7.2M 

4K 
100M 
100M 
300M 


T 
T 

E 
T 
T 
T 


2N2382 

2N2383 

2N2384 

2N2386 

2N2387 

2N2388 

2N2389 

2N2390 

2N2391 

7N2392 


G 
S 
S 
F 
S 
S 

s 
s 
s 
s 


P 
N 
N 

ie. 
N 
N 
N 
N 
P 
P 


d Effect 


8-96 

Trans is t< 


HSS 
LPA 
LPA 

>r , s 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 


300M 
85W 
85W 
ee TabL 
300M 
300M 
450M 
450M 
300M 
300M 


A 
C 
C 

! C 

A 
A 
A 
A 
A 
A 


100 
180 
180 
n Pai 
175 
175 
200 
200 
175 
175 


45 
80 
80 
;e 1- 
45 
45 
75 
75 
25 
25 


20 
60 
60 
.71 
45 
45 
50 
50 
20 
20 


o 

0 
0 

0 
0 
R 
R 
0 
0 


40 
20 
20 

40 
100 

40 
100 

15 

30 


60 
60 

120 
300 
120 
3C0 
45 
90 


200M 
1.5A 
1-5A 

10* 
10* 
150M 
150M 
10M 
MM 


.40 
1 
1 

1 
1 

1.5 
1.5 
.6 
.6 


200M 
1.5A 
1.5A 

10M 
10M 
150M 
150M 
10M 
10M 


15 
15 

6C 
150 
3C 
50 
15 
3C 


E 
E 

E 
E 
E 
E 
E 
E 


300N 
3CK 
30K 

30M 
30M 
60M 
70M 
140M 
140M 


T 

E 
E 

T 
T 
T 
1 
T 
T 


2N2393 
2N2394 
2N2395 
2N2396 
2N2397 
2N2398 
2N2399 
2N2400 


s 
s 
s 
s 
s 

G 

,G 
G 


P 
P 
N 
N 
N 
P 
P 
P 


2N3284 
2N3284 
2N964 


9-44 
9-44 
8-48 


AFA 
AFA 
AFA 
AFA 
HSS 
RFC 
RFC 
HSS 


450M 
45CM 
450M 
450M 
300M 
60M 
60M 
150M 


A 
A 
A 
A 
A 
A 
A 
A 


1 75 
175 
200 
200 
200 
100 
100 
100 


50 
50 
60 
60 
35 
20 
20 
12 


35 
35 
40 
40 
15 
20 
20 
7 


o 

0 
0 
0 
0 

s 
s 
c 


20 
30 
20 
40 
25 
10 
10 
30 


45 
90 
60 
120 
120 


150M 
150M 
150M 
150M 
10M 
2M 
2M 
10M 


1.5 
1.5 

1 
1 

.30 
.22 


150M 
150M 
150M 
150M 
10M 

10M 


If 

25 


E 
E 


50M 
60M 
40M 
50* 
200M 

150M 


1 
T 
T 
T 
T 

T 
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Numerical Index ■ 



2N2401— 2N2480 



TYPE 


MATERIAL | 


| POLARITY | 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


r„ 

@25°C 


■g 

a. 

£ 


Tj 
°C 


VcBO 

(volts) 


V C E- 

(volts) 


in 


h FE @ l c ^ 
(min) (max) => 


VcE(SAT)@'c w 

(volts) I 


Itf | u 


f_ 

S 




2N2401 
2N24Q2 
2N2403 
2N2404 
2N2405 
2N2410 
2N2411 
2N2412 
2N2413 
2N2414 


G 
G 
S 
S 

s 
s 
s 
s 
s 
s 


P 
P 
N 
N 
N 
N 
P 
P 
N 
N 


2N964 
2N2956 

2N3498 
2N2537 
2N3250 
2N3250 


8-48 
8-119 

8-70 
8-107 
8-141 
8-141 


HSS 
HSS 
MSA 
MSA 
AFA 
HSS 
HSS 
HSS 
RFA 
SPP 


150M 
150M 
1W 
1W 

5W 
800M 
300M 
. 300M 
300M 
500M 


A 
A 
A 
A 
C 
A 
A 
A 
A 
A 


100 
100 
200 
200 

200 
200 
200 
175 
200 


15 
1 8 
60 
60 
120 
60 
25 
25 
1*0 
60 


10 
12 
60 
60 
90 
30 
20 
20 
18 
1*0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
R 


50 
60 
20 
40 
60 
30 
20 
40 
30 
50 


60 
120 
200 
120 

60 
120 
120 
250 


10M 
10M 
.6A 
.6A 
150M 
10M 
10M 
10M 
10M 
10M 


.2 
.2 
1.5 
1.5 
.5 

.2 
.2 
.4 
1.2 


10M 
10M 
.6A 
.6A 
150M 

10M 
10M 
10M 
50M 


50 
50 


E 
E 


200M 
250M 
14 7M 
147M 

200M 
140M 
140M 
300M 
50M 


T 
T 
T 
"T 

T 
T 
T 
T 
T 


2N24I5 

2N2416 

2N2417 

thru 

2N2422 

2N2423 

2N2424 

2N2425 

2N2426 

2N2427 


G 

u 

G 
S 
S 
G 
S 


P 
P 

p 
p 
p 

N 
N 


unction T 
2N3616 


ransistoi 
6-113 


RFA 
RFA 

s, s 

PMS 
MSS 
MSS 
AFA 
RFA 


VbM 
75M 

ie Tabl< 

90W 
375M 
. 375M 
150M 
.5W 


A 
A 

c 

C 
A 
A 
A 
A 


IUU 
100 

n Paj 

100 
160 
160 
100 
200 


lb 
15 

e 1-: 

100 
40 
50 
40 
1*0 


IU 
10 

77 

80 
5 
10 
25 
1*0 


u 

0 

V 

0 
0 
R 
0 


IU 

8 

20 
30 
25 

20 


20 

100 
200 
1 10 

60 


, zn 
2M 

2A 
5M 
5M 

10« 


1.5 
.3 
.3 

0.5 


5A 
15M 
15M 
100M 


lb 
10 

35 
40 


E 
E 

E 
E 


bUUH 
400M 

3K 
15M 
10M 
25K 
50M 


T 
T 

E 
B 
B 
E 
T 


2N2428 
2N2429 
2N2430 
2N2431 
2N2432 
2N2433 
2N2434 
2N2435 
2N2436 
2N2437 


G 
G 
G 

S 
S 
S 
S 

s 
s 


P 

P 
N 
P 
N 
N 
N 
N 
N 
N 


2N652 


/-2U 
7-20 


AFC 
AFC 
AFC 
AFC 
CHP 
HSS 
HSS 
HSS 
HSS 
VID 


.bW 
. 5W 
.28W 
.55W 

300M 
500M 
500M 
500M 
500M 
500M 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


(5 
75 
75 
90 
175 
200 
200 
200 
200 
200 


32 
32 
32 
30 
75 
75 
120 
120 
100 


32 
32 
32 
30 
1*5 
U5 
80 
80 
75 


i> 
s 

R 
R 
0 
0 
0 
0 
0 
0 


bU 
65 
60 
60 
50 
40 

100 
40 

100 
15 


TbU 
300 
210 
175 

120 
300 
120 
300 


zv\ 
2M 
.1A 
.3A 
1M 
150M 
150M 
150M 
150M 
10M 


.15 
1.5 
1 .5 
3 
3 
.2 


10M 
150M 
150M 
150M 
150M 

10M 


80 
130 

30 
50 
30 
50 
18 


t 
E 

E 
£ 
E 
E 
E 


IOK 
10K 
IOK 
IOK 
20M 
80M 
90M 
80M 
90M 
70M 


"E 
E 
E 
E 
T 
T 
T 
T 
T 
T 


2h243b 
2N2439 
2N2440 
2N2»*43 
2N2444 
2N2445 
2N2446 
2N2447 
2N2448 
2N2449 


s 
s 
s 
s 

G 
G 
G 
G 
G 
G 


Nl 
N 
N 
N 
P 
P 
P 
P 
P 
P 


2N1187 
2N1187 
2N652 


7-25 
7-25 
7-20 


VID 
VID 
HSS 
RFA 
LPA 
LPA 
PMS 
AFA 
AFA 
AFA 


500M 
500M 
300M 
BOOM 
8 5W 
90W 
90W 
75M 
75M 
75M 


A 
A 
A 
A 
C 
C 
C 
A 
A 
A 


200 
200 
200 
200 
1 10 
100 
100 
85 
85 
85 


100 
100 
120 
120 
80 
100 
60 
1*5 
1*5 
35 


7 b 
75 
80 
TOO 
80 
50 
50 
21* 
2U 
20 


0 
0 
0 
0 
0 
0 

s 

0 
0 
0 


35 
75 
100 
50 
90 
30 
15 


300 
150 
120 
60 
45 


10M 
10M 
150M 
50M 
3A 
10A 
5A 


.4 
.4 
.4 

1.2 

1 
1 

1.5 


b(JM 
50M 
50M 
50M 

5A 
10A 

7A 


36 
76 
50 
45 
50 
30 

25 
25 
50 


h 
E 
E 
E 
E 
E 

E 
E 
E 


8UM 
90M 
90M 
50M 
4.5M 
.1M 
3K 


r 

T 
T 
T 
T 
T 
E 


2N2450 

2N2451 

2N2452 

2N2453 

2N2453A 

2N2454 

2N2455 

2N2456 

2N2459 

2N2460 


G 
G 
S 

s 
s 

T 
G 

S 
S 


P 
P 
N 
N 
N 

lyi 
P 

N 
N 


2N652 
istor, se 


7-20 

e Table < 


AFA 
HSS 
SPP 
DFA 
DFA 
n Pa 
HSA 
HSA 
AFA 
AFA 


VbM 
25M 
500M 
0.5W 
0.5W 
;e 1-16 
150M 
150M 
• UH 
-UW 


A 
A 
A 
A 
A 

A 
A 
A 
A 


cb 
85 
200 
200 
200 

100 
100 

200 
200 


3b 
6 

100 
60 
80 

15 
15 
100 
100 


20 
5 
80 
30 
50 

15 
15 
60 
60 


0 
0 
R 
0 
0 

s 
s 

0 
0 


25 

150 
150 

20 
20 
10 
20 


600 
600 

100 
1 CO 


10M 

1M 
1M 

2M 
2M 
.1M 
.1M 


,1 

1 
1 

. 19 
* 19 
".3 
.3 


10M 

5M 
5M 

10M 
1 0M 
10M 
10M 


bU 
40 

150 
150 

30 
30 
40 
70 


fc 
E 

E 
E 

E 

£ 

E 
E 


80M 

60M 
60M 

600M 
1G 
100M 
120M 


T 

T 

T 

T 
T 
T 
T 


2N2461 
2N2462 

£.r*c. HO 3 

2N2464 
2N2465 
2N2466 
2N2467 
2N2468 
2N2469 
2N2472 


S 
S 
S 
S 
S 
S 
G 

Q 

G 
S 


N 
N 
N 
N 
N 
N 
P 
p 

P 
N 






AFA 
AFA 

AFA 
AFA 
AFA 
LPA 
LPA 
LPA 
LPA 


• UW 

• UW 
.5W 
.5W 

.5W 
. -5W 
5W 
5W 

sw 

1W 


A 
A 
A 
A 
A 
A 
C 
C 
C 
A 


200 
200 
200 
200 
200 
200 
1 10 
1 10 
110 
175 


100 
100 
100 
100 
100 
100 
60 
100 
200 
120 


60 
60 
60 
60 
60 
60 
30 
60 
100 
100 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


40 
60 
10 
20 
40 
60 
30 
30 
30 
30 


90 
90 
90 
90 


. 1M 
.1M 
.1M 
.1M 
.1M 
.1M 
.5A 
• 5A 
-5A 
-2A 


.3 
.3 
.3 
.3 
.3 
.3 
.4 
.4 

.4 
1.7 


10M 
10M 
10M 
10M 
10M 
10M 
1A 
1 A 
1A 
.2A 


1 lb 
160 
40 
70 
1 15 
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Numerical Index 
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Numerical Index 
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MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 




°C 


^CBO 

(volts) 


Vce- 
(volts) 




h FE @ l c m 
(min) (max) =5 


VcE(SAT)@'c 

(volts) I 




.s- 
S 
■g 


f_ 

=> 




2N2979 
2N2980 
2N298 1 
2N2982 
2N2983 
2N2984 
2N2985 
2N2986 
2N2987 
2N2988 


S 
S 

s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 


2N2060A 

2N2223 

2N2223A 


11-7 
11-4 
11-4 
11-4 


OFA 
DFA 
OFA 
DFA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


. 25W 

.25W 
.25W 
.25W 
1H 
1W 
1W 
1W 
1W 
1W 


A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
175 
175 
175 
175 
200 
200 


100 
100 
100 
155 
185 
155 
185 
95 
155 


60 
60 
60 
80 

120 
80 

120 
80 

100 


0 
0 
0 
0 
0 
0 
0 
0 
0 


150 
25 
50 
50 
20 
20 
40 
40 
25 
25 


600 
75 
200 
2C0 
60 
60 
120 
120 
75 
75 


10* 
10* 
10M 
1 OM 

500M 
500M 
500M 
500M 
200M 
200M 


.35 
1.2 
1.2 
1 .2 
.6 
.8 
.8 
.8 
.8 
.8 


1M 

50M 
50M 
50M 
1A 
200M 
200M 
200N 
200M 
200M 


50 
40 
40 
20 
20 
40 
40 
25 
25 


E 
E 
E 
E 
E 
E 
E 
E 
E 


60M 
50M 
50M 
60M 
60M 
60M 
60M 
30M 
30M 


T 
T 
T 
T 
T 
T 
T 
T 
T 


2N2989 
2N2990 
2N2991 
2N2992 
2N2993 
2N2994 
2N2995 
2N2996 
2N2997 
2N2998 


s 
s 
s 
s 
s 
s 
s 

G 
G 
G 


N 
N 
N 
N 
N 
N 
N 
P 
P 
P 


2N3283 
2N3279 
2N3284 


9-44 
9-42 
9-44 


LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
HPA 
RFA 
RFA 
RFA 


1 w 

1W 

2W 
2W 
2W 
2W 
1.5W 
75M 
75M 
75M 


A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
200 
200 
200 
175 
TOO 
100 
100 


95 
155 
95 
155 
95 
155 
120 
15 
30 
15 


80 
100 
80 
100 
80 
100 
100 
10 
15 
12 


Q 

0 
0 
0 
0 
0 
0 
0 
0 
0 


60 
60 
25 
20 
60 
60 
25 
25 
40 
15 


120 
120 
75 

120 
120 
90 
500 
5C0 
300 


200M 
200M 
200M 
1M 
200M 
200M 
.2A 
UM 
4M 
3M 


.8 
.8 
.8 
.8 
.8 
.8 
1.7 


200M 
200M 
200M 
200M 
200M 
200M 
.2A 


50 
25 
25 
50 
50 
30 
35 
50 
20 


E 
E 
E 
E 
E 
E 
E 
E 
E 


30M 
30M 
30M 
30M 
30P 
10M 
400M 
400H 
600M 


T 
T 
T 
T 
T 
T 
T 
T 
T 


2N2999 

2N30U1 

thru 

2N3008 

2N3009 

2N3010 

2N301 1 

2N3012 

2N3013 

2N3014 


G 
Tl 
S 

s 
s 
s 
s 
s 


P 

Lyr 

N 
N 
N 
P 
N 
N 


2N3283 
istors, s 
2N3511 

MM2894 
2N3511 
2N3511 


9-44 

;e Table 
8-172 

8-274 
8-172 
8-172 


RFA 

on P; 

HSS 
HSS 
HSS 
MSS 
HSS 
HSS 


75M 

tge l-K 

360M 
300M 
360M 
360M 
360M 
360M 


1 

A 
A 
A 
A 
A 
A 


100 

200 
200 
200 
200 
200 
200 


40 
15 
30 
12 
UO 
40 


1 0 

15 
6 
12 
12 
15 
20 


o 

0 
0 
0 
0 
0 
0 


10 

30 
25 
30 
30 
30 
30 


120 
125 
120 
120 
120 
120 


3M 

30M 
10M 
10M 
30M 
30M 
30M 


. 18 
.25 
.2 
.15 
. 18 
.18 


30M 
10M 
10M 
10M 
30M 
10M 






350M 
600N 
400M 
400M 
350M 
3 5 ON 


T 
T 
T 
T 
T 
T 


2N3015 
2N3016 
2N3017 
2N3018 
2N3019 
2N3020 
2N3021 
2N3022 
2N3023 
2N3024 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
P 
P 
P 
P 


2N2537 


8-107 

8-127 

8-127 

6-91 

6-91 

6-91 

6-91 


HSS 
HFA 
HFA 
HFA 
RFA 
RFA 
PHS 
PHS 
PHS 
PHS 


800M 
3.33W 
3.33W 
25W 
.8W 
.8W 
25W 
25W 
25W 
25W 


A 
C 
C 
C 
A 
A 
C 
C 

c 
c 


200 
150 
150 
150 
200 
200 
175 
175 
175 
175 


60 
100 
100 
100 

mo 

140 
30 
45 
60 
30 


30 
50 
50 
50 
80 
80 
30 
45 
60 
30 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


30 
60 
60 
60 
100 
40 
20 
20 
20 
50 


120 
150 
150 
150 
300 
120 
60 
60 
60 
180 


150M 
1A 
1A 
1A 
.15A 
. 15A 
1A 
1A 
1A 
1 A 


.4 

.75 
.75 
.75 
.2 
.2 
1.5 
1.5 
1.5 
1 


150M 
1A 
5A 
5A 
. 15A 
. 15A 
3A 
3A 
3A 
3A 


80 
30 


E 
E 


250M 
200M 
200M 
200M 
100M 
80M 
60M 
60M 
60M 
60M 


"t 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3025 

2N3026 

2N3027 

thru 

2N3032 

2N3033 

2N3034 

2N3035 

2N3036 

2N3037 


s 
s 

T 

s 
s 
s 
s 
s 


P 
P 

lyi 

N 
N 
N 
N 
N 


istors, s 


6-91 
6-91 

ee Table 


PHS 
PHS 

on P 

SPP 
SPP 
SPP 
AFA 
AFA 


25W 
25W 

ige 1-1" 

300M 
300M 
300M 
800M 
360M 


c 
c 

il 

A 
A 
A 
A 
A 


1 75 
175 

175 
175 
1 75 
200 
175 


45 
60 

100 
70 
50 
120 
120 


45 
60 

100 
70 
50 
80 
70 


o 

0 

R 
R 
R 
0 
0 


50 
50 

50 
40 


180 
180 

150 
120 


1A 
1A 

150M 
150M 


\ 
1 

1 
1 
1 

.25 
.2 


iA 
3 A 

100M 
100M 
100M 
150M 
10M 


40 
30 


E 
E 


60M 
60M 

50M 
50M 


T 

T 

T 
T 


2N3038 
2N3039 
2N3040 
2N3045 
2N3044 
2N3045 
2N3046 
2N3047 
2N3048 
2N3049 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
P 
P 
N 
N 

N; 

N 
N 
N 
P 


2N2916 
2N2918 
2N2914 
2N2915 
2N2917 
2N2913 


11-7 
11-7 
11-7 
11-7 
11-7 
11-7 


AFA 
AFA 
AFA 
DFA 
DFA 
AFA 
DFA 
DFA 
AFA 
DFA 


360M 
360M 
360M 
250M 
250M 
250M 
250M 
250M 
25 OM 
250M 


A 
A 
A 
A 
A 
A 
A 
A 
A 


175 
175 
175 
175 
175 
175 
175 
175 
175 
175 


100 
50 
40 
45 
45 
45 
45 
45 
45 
25 


60 
35 
30 
45 
45 
45 
45 
45 
45 
20 


TJ 
0 
0 
0 
0 
0 
0 
0 
0 
0 


80 
20 
40 
100 
100 
100 
50 
50 
50 
20 


240 
80 
160 
300 
300 
3C0 
200 
200 
200 
120 


150M 
150M 
150M 
10* 
10* 
10* 
10* 
10* 
10* 
10* 


.2 
.2 

.2 


10M 

10H 
10M 
10M 
10M 
10M 
10M 
10M 
10M 


60 
20 
40 
130 
130 
130 
65 
65 
65 
30 


£ 

E 
E 
E 
E 
E 
E 
E 
E 
E 


50m 
50M 
50M 
30M 
30M 
30M 
30M 
30M 
30M 
60M 


-j 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3050 

2N3051 

2N3052 

2N3053 

2N3054 

2N3055 

2N3056 

2N3056A 

2N3057 

2N3057A 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


P 
P 
N 
N 
N 
N 
N 
N 
N 
N 


2N3498 


8-161 
6-96 


DFA 
AFA 
HSS 
HSS 
LPA 
LPA 
RFA 
RFA 
RFA 
RFA 


250M 
250M 
250M 
5W 
25W 
115W 

.14W 

.4w 

.4W 


A 
A 
C 
C 

c 

A 
A 

A 


1 75 
175 
175 

200 
200 
200 
200 
200 

200 


25 
25 
35 
60 
90 
100 
100 
140 

140 


20 
20 
15 
40 
60 
70 
60 
80 

80 


o 

0 
0 
0 
R 
R 
0 
0 

0 


20 
20 
25 
50 
25 
20 
4*0 
40 
100 
100 


120 
120 
130 
250 
ICO 
70 
120 
120 
300 
300 


10* 
10* 
10M 
.15A 
.5A 
4A 
.15A 
.15A 
.15A 
.15A 


.2 
.2 
.25 
1.4 

1 

1.1 
.25 

.2 
.25 

.2 


10M 
10M 
10M 
. 15A 
.5A 
4A 
. 15A 
. 15A 
. 15A 
. 15A 


30 
30 

25 
15 
30 
30 
80 
80 


E 
E 

E 
E 
E 
E 
E 
E 


60M 
60M 
200M 
100M 
30K 
20K 
80M 
80M 

100M 


j 
T 
T 
T 
E 
E 
T 
T 
T 
T 
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Numerical Index 



2N3058 — 2N3148 



TYPE 


S 
& 


1 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 




Tj 
°C 


V C BO 

(volts) 


V C E- 

(volts) 




h FE @ l c ^ 
(min) (max) = 


V CE (SAT)@lc 

(volts) I 


!f 


f_ 




2N3056 

2N3059 

2N3060 

2N3061 

2N3062 

2N3063 

2N3064 

2N3065 

2N3066 

thru 


S 

s 
s 
s 
s 
s 
s 
s 

F: 


P 
P 
P 
P 
P 
P 
P 
P 

el 


d Effect 


Cransisto 


AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 

rs, 


400M 
400M 
400M 
400M 
400M 
400M 
400M 
400M 

;ee Tab] 


A 
A 
A 
A 
A 
A 
A 
A 

e 


200 
200 
200 
200 
200 
200 
200 
200 

in Pc 


6 
10 
70 
70 
90 
90 
1 10 
110 

ge 1- 


6 
10 
60 
60 
80 
80 
100 
100 

171 


0 
0 
0 
0 
0 
0 
0 
0 


40 
100 
30 
60 
20 
50 
15 
30 


120 

3C0 
90 

ieo 

80 
150 
45 
90 


100N 
10* 
1M 
1M 
1M 
1M 
1M 
1M 






40 
100 
30 
60 
20 
50 
15 
30 


E 
£ 
E 
E 
E 
E 
E 
E 






2N3071 

2N3072 

2N3073 

2N3074 

2N3075 

2N3076 

2N3077 

2N3078 

2N3079 

2N3080 


S 

s 

G 
G 
S 
S 
S 
S 
S 


P 
P 
P 
P 
N 
N 
N 
N 
N 






MNS 
MNS 
RFA 
RFA 
PHS 
AFC 
AFC 
PMS 
PMS 


800M 
360M 
. 14W 
. 14W 
125W 
.36W 
.36W 
178W 
178W 


A 
A 
A 
A 
C 
A 
A 
C 
C 


200 
200 
85 
85 
175 
200 
200 
150 
150 


60 
60 
30 
35 
140 
80 
80 
200 
300 


60 
60 
25 
25 
50 
60 
60 
200 
300 


0 
0 

s 
s 

0 
0 
0 
0 
0 


30 
30 
25 
20 
30 
100 
40 
7 
7 


130 
130 
300 
250 
90 
400 
120 
40 
40 


50M 
50M 
3.5M 
3M 
7A 
10* 
10* 
5A 
5A 


.25 
.25 

1 

.35 
.35 
.7 
.7 


50M 
50M 

10A 
1M 
1M 

5A 
5A 


25 
25 

60 
120 

50 


E 
E 

E 
E 
E 


130M 
130M 

50M 
15M 
15M 
30K 
30K 


T 

T 

T 
T 
T 
E 
E 


2N308I 

2N3082 

2N3083 

2N3084 

thru 

2N3089 

2N3091 

thru 

2N3106 

2N3107 


S 
S 
S 

F: 

Tl 
S 


P 
N 
N 

el 

iyr 
N 


i Effect 
istors, s 


:ransisto 
je Table 


HSS 
CHP 
CHP 

rs, ! 

on P 
MSS 


600M 
.5W 
.5W 

ee Tabl 

ige 1-L£ 
.8W 


A 
A 
A 

e 

1 
A 


200 
200 
200 

m Pa 
200 


70 

25 
25 

ge 1- 
100 


50 
7 
7 

171 
60 


0 
0 
0 

0 


2(3 
100 
100 

100 


300 


500M 
.25M 
.25M 

.15A 


0.3 

1 


150m 

1A 


60 


E 


150M 
100M 
100M 

70M 


T 
T 
T 

T 


2N3 108 
2N3109 
2N3 110 
2N3112 
2N3113 
2N31 14 
2N3H5 
2N31 16 
2N3117 
2N31 18 


"S" 

s 
s 

F 

s 
s 
s 
s 
s 


TT 
N 
N 

.el 

N 
N 
N 
N 
N 


d Effect 
2N3500 


8-74 

Cransistc 

8-129 
8-125 
8-125 


MSS 
MSS 
MSS 
rs, 

VID 
HNS 
HNS 
AFC 
RFA 


800M" 
.8W 

800M 
;ee Tabl 

800M 

.4w 

.4W 

360M 
1W 


7T 
A 
A 

e 

A 
A 
A 
A 
A 


70tr 

200 
200 

an Pc 

200 
200 
200 
200 
200 


-rmr 

80 
80 
ge 1- 

150 
60 
60 
60 
85 


-6tr 

40 
40 
171 

150 

20 
20 
60 
60 


tr 

0 
0 

0 
0 
0 
0 
0 


— q-tr 

100 
40 

30 
40 
100 
250 
50 


-1-2D- 
300 
120 

120 
120 
300 
500 
275 


150M 
.15A 

150M 

30M 
.15A 
. 15A 

10* 

25M 


—725" 
1 

.25 
1 

.5 
.5 

.35 


150M 
1A 
150M 

50M 
.15A 
. 15A 
1M 


60 

25 
400 


E 

E 
E 


60M 
70M 
60M 

40M 
250M 
250M 

60M 
250M 


-=f 
T 
T 

T 
T 
T 
T 
T 


2N3I1V 
2N3120 
2N312 1 
2N3122 
2N3123 
2N3124 
2N3125 
2N3126 
2N3127 
2N3128 


s 
s 
s 
s 
s 

G 
G 
G 
G 
S 


N 
P 
P 
N 
N 
P 
P 
P 
P 
N 


2N2800 
2N2837 


8-111 

8- 111 

9- 38 


HSA 
MNS 
MNS 
AFA 
HSS 
LPA 
LPA 
LPA 
RFA 
AFA 


IW 
800M 
360M 
800M 
.8W 
90W 
90W 
90W 
. 1W 
. 15W 


A 
A 
A 
A 
A 
C 
C 
C 
A 
A 


200 
200 
200 
200 
175 
100 
100 
100 
100 
150 


100 
45 
45 
50 
60 
40 
80 

100 
30 
20 


OU 
45 
45 
30 
30 
30 
80 
75 
20 
20 


u 

0 
0 
0 
0 

s 
s 
s 

0 
0 


i>U 
30 
30 
25 
100 
50 
30 
10 
20 
50 


zuu 
130 
130 
1 CO 
300 
100 
75 
30 
75 
150 


IUUM 
50M 
50M 
300M 
• 15A 
10A 
3A 
10A 
3M 
.1M 


.5 
.25 
.25 
1.5 
.4 
.5 
1.5 
1 

.3 
.25 


IUUM 
50M 
50M 
300M 
. 15A 
10A 
3A 
10A 
5M 
1M 


25 
25 

20 
10 
10 
20 
75 


E 
E 

E 
E 
E 
E 
E 


25UM 
130M 
130M 

60M 
400M 
2.5K 
5K 
6K 
400M 

60M 


1 

T 
T 
T 
T 
E 
E 
E 
T 
T 


2N3I2V 
2N3130 
2N3131 
2N3132 
2N3133 
2N3134 
2N3135 
2N3136 
2N3137 
2N3138 


s 
s 
s 

G 

s 
s 
s 
s 
s 
s 


N 
N 
N 
P 
P 
P 
P 
P 
N 
N 




8-131 
8-131 
8-131 

8- 131 

9- 40 


AFA 
AFA 
HSS 
PMS 
HSS 
HSS 
HSS 
HSS 
RFA 
HPA 


. IbW 
. 15W 
- 15W 
90W 
.6W 
.6W 
.4W 
.4W 
600M 
20W 


A 
A 
A 
C 
A 
A 
A 
A 
A 
C 


150 
150 
150 
100 
200 
200 
200 
200 
200 
200 


45 
60 
40 
100 
50 
50 
50 
50 
40 
65 


~ mr 

60 
15 
70 
35 
35 
35 
35 
20 
65 


o 

0 
0 

s 

0 
0 
0 
0 
0 
0 


100 
60 
30 
40 
40 

100 
40 

100 

10 


300 
180 
120 
200 
120 
300 
120 
300 


ION 
ION 
10M 
2A 
.ISA 
. 15A 
.15A 
.15A 

1A 


.25 
.25 
.25 
1.5 
.6 
.6 
.6 
.6 
.3 


IH 
1M 
10M 
5A 
. 15A 
. 15A 
. 15A 
. 15A 
50M 


160 
1 10 


E 

E 


60M 
60M 
250M 
3K 
200M 
200M 
200M 
200M 
500M 
100M 


T 
T 
T 
E 
T 
T 
T 
T 
T 
T 


2N3139 
2N3140 
2N3141 
2N3142 
2N3143 
2N3144 
2N3145 
2N3146 
2N3147 
2N3148 


s 
s 
s 
s 
s 
s 
s 

G 
G 
G 


N 
N 
N 
N 
N 
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T 


2N326U 
2N3261 
2N3262 
2N3263 
2N3264 
2N3265 
2N3266 
2N3267 
2N3268 
2N3269 


s 
s 
s 
s 
s 
s 
s 

G 

s 


N 
N 
N 
N 
N 
N 
N 
P 
N 






PHS 
HSS 
HSS 
PMS 
PMS 
PMS 
PMS 
RFA 
AFA 


- 2J5W 
.3W 
8.75W 
75W 
. 75W 
125W 
125W 
75M 
. 15W 


XT 
A 

c 

C 
C 
C 
C 
A 
A 


175 
200 
200 
200 
200 
200 
100 
200 


40 
100 
150 
120 
150 
120 
15 
45 


15 
80 
90 
60 
90 
60 
8 
45 


0 
0 
0 
0 
0 
0 
0 
0 


- ' ro- 
ue 

40 
20 
20 
20 
20 
10 
12 


— inr 

150 

55 
80 
55 
80 
500 
80 


20A 
10M 
.5A 
15A 
15A 
15A 
15A 
3M 
10M 


lYS 
.35 
.6 
1 

1.6 
1 

1.6 
1 


20?4 
. 1A 

1A 

20A 
20A 
20A 
20A 

5M 


15 
40 


E 
E 


«6M 

600M 
150M 
20M 
20M 
20M 
20M 
900M 
2.5M 


T 
T 
T 
T 
T 
t 
T 
T 
B 


thru 

2N3276 

2N3277 

2N3278 

2N3279 

2N3280 

2N3281 

2N3282 

2N3283 

2N328U 


Tl 

F: 

G 
G 
G 
G 
G 
G 


yr 

el 

P 
P 
P 
P 
P 
P 


Lstors, s 
I Effect ' 


•e xaDie 

:ransisto 

9-42 
9-42 
9-42 
9-42 
9-44 
9-44 


on Vi 

rs, i 

RFA 
RFA 
RFA 
RFA 
RFC 
RFC 


ee Tabl 

. 1W 
. 1W 
. 1W 

. iw 
. iw 

. IW 


e 

A 
A 
A 
A 
A 
A 


m Pa 

100 
100 
100 
100 
100 
100 


ge 1- 

30 
.30 

30 
30 
25 
25 


L71 

20 
20 
15 
15 
25 
25 


0 
0 
0 
0 

s 

S 


10 
10 
10 
10 
10 
10 


70 
70 
100 
100 


3M 
3M 
3M 
3M 
3M 
3M 


.3 
.3 
.5 
.5 


5M 
5M 
5M 
5M 


10 
1.0 
10 
10 
10 
10 


E 
E 
E 
E 
E 
E 


400M 
400M 
300M 
300M 
250M 
250M 


T 
T 
T 
T 
T 
T 


2N32H5 
2N3286 
2N3287 
2N3288 
2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 


G 
G 
S 
S 
S 
S 
S 
S 
S 
S 


P 
P 
N 
N 
N 
N 
N 
N 
N 
N 




9-44 
9-44 
9-47 
9-47 
9-47 
9-47 
9-49 
9-49 
9-49 
9449 


W-C 
RFC 
RFA 
RFA 
RFA 
RFA 
RFC 
RFC 
RFC 
RFC 


. IW 
. IW 
.2W 
.2W 
.2W 
-2W 
.2W 
.2W 
.2W 
.2W 


7T 
A 
A 
A 
A 
A 
A 
A 

A 


TOTT 
100 
200 
200 
200 
200 
200 
200 
200 
200 


20 
20 
40 
40 
30 
30 
25 
25 
20 
20 


"2U 
20 
20 
20 
15 
15 
25 
25 
20 
20 


5" 
S 
0 
0 
0 
0 
S 
S 

s 
s 


" b" 

5 
15 
15 
10 
10 
10 
10 
10 
10 


100 
100 
150 
150 


3M 
3M 
2M 
2M 
2M 
2M 
2M 
2M 
2M 
2M 


.3 
.3 
.4 
.4 


5M 
5M 
5M 
5M 


b 
5 
15 
15 
10 
10 
10 
10 
10 
10 


b 
E 
E 
E 
E 
E 
E 
E 
E 
E 


250M 
250M 
350M 
350M 
300M 
300M 
250M 
250M 
250M 
250M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 













































1-147 



Numerical Index 



2N3295— 2N3391A 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 


S 
z 


| 
°- 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


@25°C 


| Ref Point ] 


t j 
°C 


VcBO 

(volts) 


V CE— 

(volts) 


| Subscript | 


(min) (max) 


? 'c „ 
•| 


"CE(SAT) 

(volts) 


@lc 




Subscript] 




Subscript] 


2N329S 


s 


N 




9-51 


MPA 


800M 


A 


175 


6 0 


60 


s 


20 


60 


1 0M 


• 5 


• 15A 






200M 


T 


2N3296 


S 


N 




9-54 


MPA 


700M 


A. 


1 75 


60 


60 


s 


5 


50 


40M 


.5 


• 4A 






100M 


T 


2N3297 


s 


N 




9-57 


MPA 


25W 


C 


175 


60 


60 


s 


2.5 


35 


.4A 


.5 


1A 






100M 


T 


2N3298 


s 


N 




9-60 


HPA 


1W 


c 


1 75 


25 


15 


o 


80 


240 


10M 










200M 


T 


2N3299 


s 


N 


2N2218A 


8-74 


HSS 


• 8W 


A 


200 


60 


30 


o 


40 


120 


• 15A 


.22 


. 15A 






250M 


j 


2N3300 


s 


N 


2N2219A 


8-74 


HSS 


.8W 


A 


200 


60 


30 


o 


100 


300 


• 15A 


.22 


. 15A 






250M 


x 


2N330 1 


s 


N 


2N2221A 


8-74 


HSS 


. 36W 


A 


200 


60 


30 


0 


40 


120 


• 15A 


.22 


. 15A 






250M 


T 


2N3302 


s 


N 


2N2222A 


8-74 


HSS 


• 36W 


A 


200 


60 


30 


o 


100 


300 


• 15A 


.22 


. 15A 






250M 


T 


2N3303 


s 


N 




8-152 


HSS 


.6W 


A 


200 


25 


12 


0 


30 


120 


.3A 


.33 


.3A 






450M 


T 


2N330M 


s 


P 


2N3546 


8-175 


MSS 


• 3W 


A 


200 


6 


6 


0 


30 


120 


10M 


.16 


10M 






500M 


T 


2N3305 


s 


P 






A FA" 


• 6 W 


A 


2U0 


bU 


4U 


o 


40 


120 


• 1 M 


• 2 


1 OM 


40 


E 


idOM 


T 


2N3306 


s 


P 






AFA 


. 6W 


A 


200 


50 


40 


o 


100 


300 


. 1 M 


• 2 


10M 


70 


E 


20M 


T 


2N 3307 








9-62 


RFA 


,2W 


A 


200 


40 


35 


0 


40 


250 


2M 


.4 


3M 


40 


E 


300M 


T 


2N3308 


s 


P 




9-62 


RFA 


.2W 


A 


200 


30 


25 


o 


25 


250 


2M 


.4 


3M 


25 




300M 


T 


2N3309 


s 


N 


2N3309A 


9-64 


MPA 


3.5W 


c 


175 


50 


50 


s 


5 


100 


30M 


.5 


.25A 






300M 


j 


2N3309A 


s 


ISI 




9-64 


HPA 


5W 


c 


200 


60 


60 


s 


3 


80 


50M 


.5 


.25A 






300M 




2N33 10 


s 


N 






HPA 


.3W 


A 


200 


35 


15 


0 


10 




20M 


.5 


20M 






3004 


T 


2N331 1 


G 


P 




6-100 


LPA 


170W 


c 


1 10 


30 


30 


s 


60 


120 


3A 


. 1 


3A 


30 




IK 


E 


2N 3312 


G 


P 




6-100 


LPA 


170W 




iio 


45 


45 


S 


60 


120 


3A 


.1 


3A 


30 


E 


IK 


E 


2N3313 


G 


P 




6-100 


LPA 


170W 


c 


1 10 


60 


60 


s 


60 


120 


3A 


. 1 


3A 


30 


E 


IK 


E 


2N3314 


G 


P 




69100 


LPA" 


— i inr.y 

1 / W 


c 


1 1« 

I lu 


ov 


30 


S" 


TDTT 


200 


3A 


• 1 


3A 


40 




IK 


E 


2N3315 


G 


P 




6-100 


LPA 


170W 


c 


1 10 


45 


45 


s 


100 


200 


3A 


. 1 


3A 


40 


E 


IK 


E 


2N3316 
2N3317 


G 

s 


P 
P 




6-100 


LPA 

CHP 


170W 
. 1 5W 


c 

A 


1 10 

mo 


60 
30 


60 
30 


s 
o 


100 


200 


3A 


• 1 


3A 


40 


E 


IK 
6.4M 


E 
j 


2N3318 


s 


P 






CHP 


• 15W 


A 


140 


15 


1 5 


o 
















7.6M 


j 


2N3319 


s 


P 






CHP 


. 1 5W 


A 


140 


10 


6 


o 
















12M 


j 


2N3320 


G 


P 






HSS 


60M 


A 


1 00 


1 5 


1 0 


0 


50 




20M 


. 19 


40M 






600M 


T 


2N332 1 


G 


P 






HSS 


60M 


A 


100 


12 


7 


o 


100 




10M 


• 12 


10M 






600M 


j 


2N3322 


G 


P 






HSS 


60M 


A 


100 


12 


7 


o 


30 




40M 


.25 


20M 






600M 


j 


2N3323 


G 


P 




9-66 


RFC 


. 15W 


A 


100 


35 


35 


s 


30 


200 


3M 






30 


E 


200M 


j 


2N3324 


G 


P 




9-66 


RFC 


— . \ 5w 


A 


j QQ 


— 33" 


35 


"5" 


30 


200 


TXT 










ZUUM 


T 


2N3325 


G 


P 




9-66 


RFC 


. 15W 


A 


100 


35 


35 


s 


30 


200 


3M 






30 


£ 


200M 


j 


2N3326 


s 


N 


2N2218A 


8-74 


HSA 


.8W 


A 


175 


60 


45 


o 


40 


1 20 


.15A 


.4 


. 15A 






250M 


j 


?N3327 


s 


N 






HPA 


20W 


c 


200 


65 


65 


o 


10 




.5A 










100M 


7 


2N3328 










































thru 


F 


.el 


d Effect 


Cransistc 




see Tab] 




>n Pj 


ge 1- 


171 






















2N3336 










































2N3337 


s 


N 


2N3287 


9-47 


RFA 


.3W 


A 


200 


40 


40 


o 


30 


300 


4M 






30 


E 


400M 


j 


2N3338 


s 


N 


2N3289 


9-47 


RFA 


.3W 


A 


200 


40 


40 


o 


30 


300 


4M 






30 


E 


400M 


j 


2N3339 


s 


N 


2N3288 


9-47 


RFA 


. 3W 


A 


200 


40 


40 


0 


30 


300 


4M 






30 


E 


400M 


T 


2N3340 


s 


N 






MSS" 


• 4W 


A 


1 fb 


30 


20 


TJ" 


40 




10* 


• 2 


IU* 






fUM 


f 


2N3341 


s 


P 






MSS 


.4W 


A 


175 


30 


20 


0 


40 




10« 


• 25 


10* 






50M 


T 


2N3342 


s 


P 






MSS 


.25W 


A 


1 75 


20 


8 


o 


30 




5M 


. 1 


5M 










2N3343 


s 


p 






CHP 


.25W 


A 


175 


25 


8 


o 


20 




.25M 










2M 


j 


2N3344 


s 


P 






CHP 


.25W 


A 


175 


30 


30 


o 


25 




1M 










2M 


j 


2N3345 


s 


p 






CHP 


.25W 


A 


175 


50 


50 


o 


15 




1M 










2M 


x 


2N3346 


s 


P 






CHP 


• 25W 


A 


1 75 


50 


50 


o 


25 




1M 










2M 


x 


2N3347 


s 


p 






OF A 


300M 


A 


175 


60 


45 


o 


40 


300 


10» 


.5 


10M 


60 


E 


60M 


x 


2N3348 


s 


p 






DFA 


300M 


A 


1 75 


60 


45 


o 


40 


300 


10» 


.5 


10M 


60 


E 


60M 


x 


2N3349 


s 


P 






DFA 


300M 


A 


175 


60 


45 


o 


40 


300 


10* 


.5 


10M 


60 


E 


60M 


x 


2N3350 


s 


p 






DFA 


300M 


A 


1 75 


60 


45 


0' 


TW 


300 


10* 


• 5 


10M 


150 


E 


60M 


x 


2N335 1 


s 


P 






OFA 


300M 


A 


1 75 


60 


45 


0 


100 


300 


10* 


.5 


10M 


150 


E 


60M 


T 


2N3352 
2N3353 


s 


p 






DFA 


300M 


A 


175 


60 


45 


o 


1 00 


300 


10* 


.5 


10M 


150 




60M 


x 


thru 
2N3364 


Tl 


lyr 


istors, s 


ie Table 


on P 


ige 1-U 


1 




























2N3365 










































thru 


F: 


el 


i Effect 


*r ansls tc 


rs, 


tee Tabl 


e 


m P£ 


ge 1- 


171 






















2N3370 










































2N337 1 


G 


p 






RFA 


150M 


A 


100 


25 


10 


0 


20 


300 


12M 






25 


E 


320M 


T 


2N337U 


s 


N 






HPA 


5W 


C 


200 


80 


80 


0 


10 




• 17A 


• 3 


• 15A 






230M 


T 


2N3375 


s 


N 




9-69 


HPA 


11. 6W 


C 


200 


65 


40 


0 


10 


100 


.25A 


1 


.25A 






400M 


T 


2N3376 










































thru 


F 


.el 


d Effect 


Cransist( 


rs , 


see Tab! 


e 


an Pj 


ge 1- 


171 






















2N3387 
2N3388 


S 


N 






MSS 


.6W 


A 


175 


125 


100 


0 


60 




2.5M 


1 


2.5M 






36M 


T 


2N3389 


s 


N 






MSS 


• 6H 


A 


175 


195 


160 


□ 


60 




7M 


1 


7M 






36M 


T 


2N3390 


s 


N 


MPS 65 21 


8-300 


AFC 


.2W 


A 


125 


25 


25 


0 


400 


800 


2M 






400 


E 






2N3391 


s 


N 


MPS 651 5 


8-300 


AFC 


. 2W 


A 


125 


25 


25 


0 


250 


500 


2M 






250 


E 






2N339 1 A 


s 


N 


MPS6520 


8-300 


AFC 


.2W 


A 


125 


25 


25 


0 


250 


500 


2M 






250 


E 

















































1-148 



Numerical Index 



2N3392 — 2N3466 



TYPE 


1 MATERIAL 1 


1 POLARITY 1 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 


K 


Tj 
°C 


Vcbo 
(volts) 


V CE - 
(volts) 




l»FE @ »C „ 

(min) (max) = 


V CE(SAT)@'c 

(volts) I 


hf- If 


f_ 




2N3392 
2N3393 
2N3394 
2N3395 
2N3396 
2N3397 
2N3398 
2N3399 
2N3400 
2N340 1 


S 
S 
S 
S 
S 
S 
S 

G 
S 


VI 

N 
N 
N 

N 
P 
P 
P 


■1PS3392 
1PS3393 
4PS3394 
1PS3395 
1PS3396 
4PS3397 
4PS3398 


8-289 
8-289 
8-289 
8-289 
8-289 
8-289 
8-289 


4FC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
RFC 
HSS 
CHP 


.2W 
• 2W 
.2W 
.2W 
.2W 
.2W 
.2W 
80M 
. 15W 
.25W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


125 
125 
125 
125 
125 
125 
125 
100 
100 
150 


25 
25 
25 
25 
25 
25 
25 
20 
20 
25 


25 
25 
25 
25 
25 
25 
25 

20 
25 


0 
0 
0 
0 
0 
0 
0 

0 
0 


150 
90 
55 

150 
90 
55 
55 
1 0 
50 


300 
180 
1 10 

500 
500 
500 
800 

300 


2M 
2M 
2M 
2M 
2M 
2M 
2M 
1 • 5M 
10M 


. 15 
.25 


10M 

5M 


150 
90 
55 

150 
90 
55 
55 

4 


E 
E 
E 
E 
E 
E 
E 

E 


400M 
150M 
. 1M 


T 
T 
B 


2N3402 
2N3403 

O Ki "3 ii nil 

2N3405 

2N3406 

2N3407 

2N3408 

2N3409 

2N3410 

2N34 1 1 


Ui 

s 
s 
s 
s 
s 


N 
N 
N 
N 
ij 
N 
P 
N 
N 
N 


1PS6513 
IPS 65 15 

inction T 


8-306 
8-300 

ansistor 

11-9 
11-9 
U-9 


AFC 
AFC 
AFC 
AFC 
, see 
RFA 
RFA 
OF A 
DFA 
DFA 


. b6W 
.56W 
.56W 
.56W 
Table 
-2VJ 
4W 
.5W 
.5W 
.5W 


A 
A 
A 
A 
jn 
A 
A 
A 
A 
A 


150 
150 
150 
150 
Page 
200 
200 
200 
200 
200 


2b 
25 
50 
50 
1-17 
35 
40 
60 
60 
60 


2b 
25 
50 
50 

7 

18 

25 
30 
30 
30 


u 

0 
0 
0 

0 
0 
0 
0 
0 


/b 
180 

75 
180 

10 
10 

30 
20 
20 


22b 
540 
225 
540 

100 
100 
1 20 
1 CO 
100 


2M 
2M 
2M 
2M 

10M 
40M 
• 1 M 
10* 
10» 


.3 
.3 
.3 
.3 

■ 15 
. 15 
. 15 


bUM 
50M 
50M 
50M 

1 OM 
10M 
10M 


/b 
180 

75 
100 

10 
10 


b 
E 
E 
E 

E 
E 


300M 
200M 
250M 
250M 
250M 


T 
T 
T 
T 
T 


2N3412 
2N3413 

2N3415 
2N3416 
2N3417 
2N3418 
2N3419 
2N3420 
2N342 1 


G 

s 

s 

s 
s 


P 
P 
N 
N 
N 
N 
N 

N 

N 


IPS 65 13 
IPS 65 15 
1PS6515 
4PS6515 


8-300 
8-300 
8-300 
8-300 


AFA 
AFA 

AFC 
AFC 
AFC 
PMS 
PMS 
PMS 
PMS 


60M 
-4W 
.36W 
.36W 
.36W 
.36W 
.8W 
-8H 
.8W 
.8W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


100 
200 
160 
160 
160 
160 
175 
175 
175 
175 


20 
150 
25 
25 
50 
50 
85 
125 
85 
125 


20 
150 
25 
25 
50 
50 
60 
80 
60 
80 


s 

0 
0 
0 
0 
0 
0 
0 
0 
0 


30 
10 
75 

180 
75 

180 
20 
20 
40 
40 


200 
45 
225 
540 
225 
540 
60 
60 
120 
120 


10M 
50M 
2M 
2M 
2M 
2M 
1A 
1 A 
1A 
1A 


.2 
1.2 
.3 
.3 
.3 
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200 
200 

on P£ 


30 
40 
80 
80 
80 
30 
25 
25 

ge 1- 


25 
30 
40 
60 
40 
15 
15 
13 

171 


0 
0 
0 
0 
0 
0 
0 
0 


150 
150 
40 
40 
100 
20 
20 
20 


600 
600 
120 
120 
300 
150 
200 
300 


1M 
10M 
.15A 
.15A 
.15A 
5M 
5M 
5M 


.25 
.25 
.25 


. 1A 
. 15A 
. 15A 
.15A 


120 

20 
20 
20 


E 

E 
E 
E 


40M 
40M 
60M 
60M 
60M 
1 - 5G 
1 .2G 
1G 


T 
T 
T 
T 
T 
T 
T 
T 


2N3575 

2N3576 

2N3577 

2N3578 

2N3579 

2N3580 

2N3581 

2N3582 

2N3583 

2N3584 


s 

F: 
S 
S 

s 
s 
s 
s 


P 

el 

P 

P 

P 

P 

N 

N 


i Effect 
MJ2251 


?ransisto 
6-154 


HSS 

r , sf 
VID 
VID 
VID 
VID 
HPA 
PMS 


.36W 

85W 
;e Table 
.4W 
.4W 
.4W 
.4W 
35W 
35W 


A 
C 
o 
A 
A 
A 
A 
C 
C 


200 
175 
l Pag 
200 
200 
200 
200 
200 
200 


20 
100 
e 1-] 
60 
60 
50 
50 
250 
330 


15 

80 
71 
60 
60 
40 
40 
175 
250 


0 
0 

0 
0 
0 
0 
0 
0 


40 
12 

30 
60 
50 
1 00 
40 
8 


120 
60 

120 
240 
150 
300 
200 
140 


10M 
1A 

1M 
1M 
.1M 
• 1 M 
.5A 
1A 


. 15 

5.25 

.5 
.5 
.5 
# 5 

5 

.75 


10M 
1A 

5M 
5M 
5M 
5M 
1A 
1A 


12 

30 
60 
50 
100 
25 


E 

E 
E 
E 
E 
E 


400M 
IOM 

80M 
80M 
30M 
30M 
IOM 
IOM 


T 
T 

T 
T 
T 
T 
T 
T 


*N3So:> 
2N3586 
2N3587 
2N3588 
2N3589 
2N3590 
2N359 J 
2N3592 
2N3593 
2N3594 


s 
s 
s 

G 

s 
s 
s 
s 
s 
s 


N 
P 
N 
P 
N 
N 
N 
N 
N 
N 




6-134 


PMS 
CHP 
DF A 
RFC 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 


3bW 
125M 
.3W 
. 1W 
2W 
2W 
1W 
1W 
1W 
1W 


C 
A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
85 
175 
175 
175 
175 
175 
175 


440 
45 
60 
25 
200 
200 
200 
200 
200 
200 


300 
45 
45 

200 
200 
200 
200 
200 
200 


0 
0 
0 

R 
R 
R 
R 
R 
R 


8 

80 
20 
30 
75 
30 
75 
30 
75 


140 

500 

90 
150 
90 

90 
150 


IA 

1M 
1M 
.2A 
.2A 
.2A 

.2A 
.2A 


.7b 
1 

2 
2 
2 
2 
2 
2 


1A 

10M 

.2A 
.2A 
.2A 

.2A 
.2A 


30 
75 
30 
75 
30 
75 


E 
E 
E 
E 
E 
E 


IOM 
. 1M 

80M 
200M 
15M 
15M 
15M 
15M 
15M 
15M 


r 

T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3b9^ 
2N3596 
2N3597 
2N3598 
2N3599 
2N3600 
2N3601 
2N3602 
2N3603 
2N3604 


s 
s 
s 

s 
s 
s 

G 
G 
G 
G 


N 
N 

N 
N 
N 
P 
P 
P 
P 


2N3767 
2N3446 
2N3447 


6-134 
6-103 
6-103 


HPA 
HPA 

PHS 
PHS 
RFA 
PMS 
PMS 
PMS 
PMS 


1.5W 

1.5H 

100W 
100W 
100W 
.2W 
.286W 
.286W 
.286W 
.286W 


A 
A 
C 
C 

c 

A 

c 
c 
c 
c 


17b 
175 

200 
200 
200 
200 
100 
100 
100 
100 


200 
200 
60 
80 
100 
30 
100 
100 
130 
130 


200 
200 
40 
60 
80 
15 
40 
40 
55 
55 


R 
R 
0 
0 
0 
0 
0 
0 
0 
0 


30 
75 
40 
40 
40 
20 
60 
60 
60 
60 


90 
150 
120 
120 
120 
150 
180 
1 80 
180 
180 


.2A 
.2A 
10A 
10A 
10A 
3M 
1A 
1 A 
1A 
1A 


2 
2 
.5 
.5 
.5 

.2 
.2 
.2 
.2 


.2A 
.2A 

10A 
10A 
10A 

.1A 
. 1 A 
.1A 
.1A 


30 
75 
75 
75 
75 
40 
50 
50 
50 
50 


E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


15M 
15M 
30M 
30M 
30M 
850M 
20M 
20M 
20M 
20M 


T 

T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3605 
2N3606 
2N3607 
2N3611 
2N3612 
2N3613 
2N3614 
2N3615 
2N3616 
2N3617 


S 

S 

s 

G 
G 
G 
G 
G 
G 
G 


N 
N 
N 
P 
P 
P 
P 
P 
P 
P 


WS3646 
MPS3646 


8-2y8 
8-298 

6-110 
6-110 
6-110 
6-110 
6-113 
6-113 
6-113 


MSI 
MSC 
MSC 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 


.2W 
.2W 
.2W 

85W 
85W 
85W 
85W 
85W 
85W 
85W 


A 
A 
A 
C 
C 

c 
c 
c 
c 
c 


150 
150 
150 
I 10 
1 10 
1 10 
1 10 
1 10 
1 10 
1 10 


ia 

18 
18 
40 
60 
40 
60 
80 
100 
80 


14 
14 
14 
30 
45 
30 
45 
60 
75 
60 


0 
0 
0 

s 
s 

S 
S 
S 

s 
s 


30 
30 
30 
35 
35 
60 
60 
30 
30 
45 


70 
70 
120 
120 
60 
60 
90 


IOM 
10M 
10M 

3A 
3A 
3A 
3A 
3A 
3A 
3A 


.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 


IOM 
10M 
IOM 
3A 
3A 
3A 
3A 
3A 
3A 
3A 


40 
40 
60 
60 
40 
40 
60 


E 
E 
E 
E 
E 
E 
E 


300M 
300M 
300M 
.3M 
.3M 
.3M 
.3M 
.3M 
.3M 
.3H 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2N36J8 
2N3619 

£iM30£U 

2N3621 
2N3622 
2N3623 
2N3624 
2N3625 
2N3626 
2N3627 


G 
S 
S 

s 
s 
s 
s 
s 
s 
s 


P 
N 
N 
N 
N 
N 
N 
N 
N 
N 




6-113 


LPA 

HPA 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 


85W 
7.5W 
7.5W 
30H 
30W 
7.5W 
7.5W 
30W 
30W 
7.5W 


c 
c 
c 
c 
c 
c 
c 
c 
c 
c 


1 10 

175 
175 
175 
175 
175 
175 
175 
175 
175 


100 
75 
75 
75 
75 
75 
75 
75 
75 

100 


75 
40 
40 
40 
40 
40 
40 
40 
40 
50 


s 

0 
0 
0 
0 
0 
0 
0 
0 
0 


45 
40 
40 
40 
40 
40 
40 
40 
40 
40 


90 


3A 
1A 
1A 
1A 
1A 
1 A 
1A 
1A 
1A 
1A 


.25 
.75 

1 

1.25 
1.25 
.75 
1 

1.25 
1.25 
.75 


3A 
1A 
3A 
5A 
5A 
1A 
3A 
5A 
5A 
1A 


60 


E 


.3M 

200M 
200M 
200M 
200M 
200M 
200M 
200M 
200M 
200M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 













































1-151 



— — Numerical Index 



2N3628— 2N3707 



TYPE 


is 

i 


as 

3 

a 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 


S. 


li 
°C 


VcBO 

(volts) 


»c E - 
(volts) 




h FE @ l c ^ 
(min) (max) = 


VcE(SAT)@'c 

(volts) 1 




.f 


s 




2N3628 

2N3629 

2N3630 

2N3632 

2N3631 

2N3633 

2N3634 

2N3635 

2N3636 

2N3037 


s 
s 
s 
s 

F: 
S 

s 
s 
s 
s 


N 
N 
N 
N 
el 
N 
P 
P 
P 
P 


i. Effect 


9-69 

?ransisto 

8-178 
8-178 
8-178 
8-1, 78 


HPA 

HPA 

HPA 

HPA 

r, st 

HNS 

VID 

VID 

VID 

VID 


7.5W 

30W 
30W 
23W 
e Table 
.3W 
1W 
1W 
1W 
1W 


c 
c 
c 
c 

o 
A 
A 
A 
A 
A 


175 
175 
175 

200 
i Pag 
200 
200 
200 
200 
200 


100 
100 
100 
65 
e 1-1 
15 
140 
140 
175 
175 


50 
50 
50 
40 
71 

6 

140 
140 
175 
175 


0 
0 
0 
0 

0 
0 
0 
0 
0 


40 
40 
40 
10 

50 
50 

100 
50' 

100 


150 

150 
150 
300 
150 
300 


1A 
1A 
1A 
.25A 

10M 

50M 
50M 
50M 
50 M 


1 

1.25 
1.25 

1 

.21 


3A 
5A 
5A 
1A 

3N 


40 

80 
MO 
80 


E 
E 
E 
E 


200N 
200M 
200M 
250M 

1.3G 

150* 
200M 
150M 
200M 


T 
T 
T 
T 

T 
T 
T 
T 
T 


2N3638 

2N3638A 

2N3639 

2N3640 

2N3641 

2N3642 

2N3643 

2N3644 

2N3645 

2N3646 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


P 
P 
P 
P 
N 
N 
N 
P 
P 
N 


MPS 3 63 9 
MPS 3 640 
MPS6530 
MPS 6530 
MPS 65 31 

MPS3646 


8-293 
8-296 
8-310 
8-310 
8-310 

8-298 


HSS 
HSS 
HSS 
HSS 
HPA 
HPA 
HPA 
HSS 
HSS 
HSS 


.3W 
.3W 
.2W 
.2W 
.35W 
.35W 
.35W 
.3W 
.3W 
.2W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


125 
125 
125 
125 
125 
125 
125 
125 
125 
125 


25 
25 
6 
12 
60 
60 
60 
45 
60 
40 


25 
25 
6 
12 
30 
45 
30 
45 
60 
15 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


30 
100 
30 
30 
40 
40 
100 
115 
115 
30 


120 
120 
120 
120 
300 
300 
300 
120 


50M 
50M 
10M 
10M 
.15A 
.15A 
.15A 
50M 
50M 
30M 


.25 
.25 
.16 

.2 
.22 
.22 
.22 
• 25 
.25 

.2 


50M 
50M 
10M 
10M 
.15A 
. 15A 
. ISA 
50M 
50M 
30M 


25 
100 


E 
t 


100M 
150M 
500M 
500M 
250M 
2S0M 
250M 
200M 
200M 
350M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3647 

2N3648 

2N3649 

thru 

2N3658 

2N3659 

2N3660 

2N3661 

2N3662 

2N3663 


s 
s 

t: 

s 
s 
s 
s 
s 


N 
N 

lyr 

N 
P 
P 
N 
N 


istors, s 


8-172 
8-172 

se Table 


HSS 
HSS 

on P 

VID 
HPA 
HPA 
RFC 
RFC 


.4W 
.4W 

Lge 1-K 

*4W 
5W 

sw 

• 2W 
.2W 


A 
A 

1 

c 
c 
c 

A 
A 


2co 

200 

200 
200 
200 
125 
125 


40 
40 

220 
40 
60 
18 
30 


10 
15 

170 
30 
50 
12 
12 


0 
0 

0 
0 
0 
0 
0 


25 
30 

20 
25 
25 
20 
20 


150 
120 

100 
1 00 


.15A 
.ISA 

10M 
-5A 
• 5A 

8M 
8M 


.25 
.25 

1.2 
1 .2 


10M 
10M 

.5A 

. 5A 


20 
20 

20 


E 
E 

E 


350M 
450M 

50M 
25M 
25M 
700M 
700M 


T 
T 

T 
T 
T 
T 
T 


2N4664 

2N3665 

2N3666 

2N3667 

2N3668 

thru 

2N3670 

2N3671 

2N3672 

2N3673 


s 
s 
s 
s 

T1 

s 
s 
s 


N 
N 
N 
N 

lyr 

P 
P 
P 


istors, s 


y-/b 

»e Table 


HPA 
MNS 
MNS 
PMS 

on P 

HSS 
HSS 
HSS 


bW 
5W 
5W 
117W 

ige 

.6W 
.4W 
.35W 


C 

c 
c 
c 

1 

A 
A 
A 


200 
200 
200 
200 

200 
200 
200 


60 
120 
120 

50 

60 
60 
60 


.60 
80 
80 
50 

50 
50 
50 


i> 

0 
0 
0 

0 
0 
0 


« 
40 
100 
15 

75 
75 
75 


8U 
120 
300 

60 

225 
225 
225 


bUH 
.15A 
.15A 

8A 

• 15A 
.15A 
.15A 


./b 
.5 
.5 

1.5 

.4 
.4 


.2bA 
.15A 

. 15A 

8A 

• 15A 
. ISA 
. 15A 






5UUM 
60M 
60M 
.5M 

200M 
200M 
200M 


1 

T 
T 
T 

T 
T 
T 


2N3675 

2N3676 

2N3677 

2N3678 

2N3679 

2N3680 

2N3681 

2N3682 

2N3683 

2N3684 


s 
s 
s 
s 

Ui 

s 
s 
s 
s 


N 
N 
P 
N 

ij 
N 
N 
N 
N 


unctioiuT 


ransistor 


PMS 
PMS 
CHP 
HSS 
« see 
DFA 
RFA 
RFA 
RFA 


8.8W 
8.8W 
.4W 
• 8W 
Table 
-3W 
-2W 
.36W 
.2W 


c 
c 

A 
A 

on 
A 
A 
A 
A 


200 
200 
200 
200 
Page 
200 
200 
200 
200 


$0 
90 
30 
75 
1-17 
60 
10 
40 
30 


55 
90 
20 
55 

7 

50 
7 
15 
12 


0 
0 
0 
0 

0 
0 
0 
0 


12 
12 

40 

150 
20 

20 


60 
60 

120 

6C0 
220 

150 


1A 
1A 

.15A 

10« 

2M 

8M 


.8 
.8 

.4 

.7 

.37 


1A 
1A 

. 15A 

10M 
4M 


300 
20 
45 
30 


E 
E 
E 
E 


1M 
1M 

5M 
250M 

60M 
1G 
600M 
1G 


T 

T 
T 
T 

T 
T 
T 
T 


thru 

2N3687 

2N3688 

2N3689 

2N3690 

2N3691 

2N3692 

2N3693 

2N3694 

2N3695 


F: 

s 
s 
s 
s 
s 
s 
s 


el 

N 
N 
N 
N 
N 
N 
N 


d Effect 

MPS6512 
MPS 6513 


L'ransisto 

8-302 
8-302 


rs, : 

RFC 
RFC 
RFC 
AFC 
AFC 
RFC 
RFC 


ee xabl 

.2W 
.2W 
.2W 
-2W 
.2W 
.2W 
.2W 


e 

A 
A 
A 
A 
A 
A 
A 


125 
125 
125 
125 
125 
125 
125 

In Fa 


ge 1- 

40 
40 
40 
35 
35 
45 
45 


m— 

40 
40 
40 
20 
20 
45 
45 


0 
0 
0 
0 
0 
0 
0 


30 
30 
30 
40 

100 
40 

100 


160 
400 
1 60 
400 


4M 
4M 
4M 
10M 
10M 
1 0M 
10M 


.7 
.7 


10M 
10M 


40 
100 


E 
E 


400M 
400M 
400M 
200M 
200M 
200M 
200M 


T 
T 
T 
T 
T 
T 
T 


thru 

2N3698 

2N3700 

2N3701 

2N3702 

2N3703 

2N3704 

2N3705 

2N3706 

2N3707 


s 
s 
s 
s 
s 
s 
s 
s 


el 

N 
N 
P 
P 
N 
N 
N 
N 


i Effect ' 


L'ransisto 


rs, i 

RFA 
RFA 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 


ee Tabl 

.5W 
.5W 
.3W 
.3W 
.36W 
.36W 
.36W 
.25W 


e < 

A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
150 
150 
150 
150 
150 
150 


£e 1- 

140 
140 
40 

50 
50 
50 
40 
30 


rrr— 

80 
80 
25 
30 
30 
30 
20 
30 


0 
0 
0 
0 
0 
0 
0 
0 


100 
40 
60 
30 

100 
50 
30 

100 


300 
120 
300 
150 
300 
150 
600 
400 


.15A 
.15A 

50M 
50M 
50M 
50M 
50M 
.1M 


.2 
.2 
.25 
.25 
.6 
.8 
1 
1 


. ISA 
. 15A 
50M 
50M 
. 1A 
.1A 
.1A 
10M 


80 
30 

100 


E 
E 

E 


100M 
80M 
100M 
100M 
100M 
100M 
100M 


T 
T 
T 
T 
T 
T 
T 
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Numerical Index 

2N3708 — 2N3791 















MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


TYPE 




g 
| 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


P D 

@25°C 


.5 
£ 


Tj 
°C 


VcBO 

(volts) 


Vce- 
(volts) 




(min) (max) 


a* 

3 


^CE(SAT 

(volts) 


@l c 

& 
s 


h, 

n f— 


if 

JO 




.H- 


2N3708 


S 


N 






AFC 


.25W 


A 


150 


30 


30 


0 


45 


660 


1M 


1 


10M 


45 


E 






2N3709 


S 


N 






AFC 


.25W 


A 


150 


30 


30 


0 


45 


1 65 


1M 


1 


10M 


45 


E 






2N37 1 0 


s 


N 






AFC 


.25W 


A 


150 


30 


30 


0 


90 


330 


1M 


1 


10M 


90 


E 






2N3711 


s 


N 






AFC 


.25W 


A 


150 


30 


30 


0 


180 


660 


1M 


1 


10M 


180 


E 






2N3712 


s 


N 






RFC 


.8W 


A 
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M5 
30 


40 
40 
18 
30 
18 
30 
T« 
30 
45 
30 


0 
G 
0 
0 
0 
0 
0 
0 
0 
0 


50 
30 
35 
35 
60 
60 
100 
100 
50 
60 


150 
90 
70 
70 
120 
120 
200 
200 
200 
120 


1A 
1A 
2M 
2M 
2M 
2M 
2M 
2M 
1M 
2M 


.25 
.25 

.1 


1A 
1A 

10M 


45 


E 


20M 
20M 
100M 
100M 
130M 
130M 
140M 
140M 
4M 
90M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3859 
2N3860 
2N386 1 
2N3862 
2N3863 
2N3864 
2N3865 
2N3866 
2N3867 
2N3868 


s 
s 

s 
s 
s 
s 
s 
s 
s 


N 
N 

N 
M 
N 
N 
N 
P 
P 


MPS6513 
MPS 6514 


8-300 

8- 300 

9- 86 


RFC 
RFC 

HSS 
PMS 
PMS 
PMS 
HPA 
HSS 
HSS 


.2W 

.2W 
2W 
.36W 
117W 
117W 
L17W 
5W 
1W 
1W 


A 
A 
A 
A 
C 
C 
C 
C 
A 
A 


125 
125 
175 
200 
200 
200 
200 
200 
200 
200 


30 
30 
530 
50 
70 
1 10 
160 
55 
UO 
60 


30 
30 

530 
20 
50 
90 

150 
30 
40 
60 


0 
0 
V 
0 
Q 
0 
0 
0 
0 
0 


100 
150 

30 
50 
30 
30 
30 
10 
40 
30 


200 
300 
200 
150 
90 
90 
90 
200 
200 
150 


2M 
2M 
25M 
10M 
3 A 
3A 
3A 
50M 
1.5A 
1.5A 


1.5 

.25 
1 
1 
1 
1 

.75 
-75 


25M 
10M 
3A 
3A 
3A 
. 1A 
1.5A 
1-5A 


20 


E 


90M 
90M 
50M 

600M 
.5M 
.5M 
.5M 

250M 
60M 
60M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 













































M54 



Numerical Index 



2N3869— 2N3960 



TYPE 




1 

1 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 




Tj 
°C 


VcBO 

(volts) 


Vce- 
(volts) 




h FE @ l c ^ 
(min) (max) = 


VcE(SAT)@'c 

(volts) 1 




f_ 




2N386V 

2N3870 

thru 

2N3873 

2N3876 

2N3877 

2N3877A 

2N3878 

2N3879 

2N3880 


S 

T 

S 
S 

s 
s 
s 
s 


N 

lyi 

N 
N 
N 
N 
N 
N 


istors, s 


ee Table 


HPA 

on P 

LPA 
AFC 
AFC 
HPA 
PMS 
RFA 


2 . bW 

ige l-jl< 

150W 
.2W 
.2W 
35W 
35W 
.2M 


L 

1 

C 
A 
A 
C 
C 
A 


1 rb 

175 
150 
150 
200 
200 
200 


4U 

140 
70 
85 
120 
120 
30 


2U 

50 
70 
85 
50 
75 
15 


u 

0 
0 
0 
0 
0 
0 


20 

25 
20 
20 
40 
12 
30 


150 

150 
250 
250 
200 
100 
200 


30M 

10A 
2M 
2M 

.5A 
4A 
3M 


.1 

1 

2 
1.2 


.45A 

10A 

4A 
4A 


80 

40 
50 


E 

E 
E 


.4G 

50M 

40M 
40M 
1.2G 


T 

T 

T 
T 
T 


2N386 1 

ZN3882 

2N3883 

2N3884 

thru 

2N3899 

2N39C0 

2N3900A 

2N3901 

2N3902 


s 

F 
G 

Tl 

S 
S 

s 
s 


N 
el 
P 

tyr 

N 
N 
N 
N 


d Effect 

istors, s 

MPS 6515 
MPS 6520 
MPS 6521 


!ransisto 
8-212 

se Table 

8-300 
8-300 
8-300 


UFA 

r, s< 
HSS 

on P 

AFC 
AFC 
AFC 
PMS 


.6W 

e Tabic 
.3W 

ige 1-K 

.2W 
.2W 
.2W 

100W 


A 

o 
A 

1 

A 
A 
A 
C 


2U0 
i Pag 
100 

125 
125 
125 
150 


6U 
e 1-1 
25 

18 
18 
18 

400 


3b 
71 

15 

18 
18 
18 

400 


u 

0 

0 
0 
0 
0 


30 

250 
250 
350 
20 


500 
500 
700 
100 


.2A 

2M 
2M 
2M 
1A 


1.5 
.5 

2.5 


. IbA 
.2A 

2.5A 


bU 

170 
170 
350 


"E" 

E 
E 
E 


/UM 
100M 

40K 


1 

T 

E 


2N3903 

2N3904 

2N3905 

2N3906 

2N3907 

2N3908 

2N3909 

2N39 10 

2N391 1 

2N3912 


s 
s 
s 
s 
s 
s 

F 

s 
s 
s 


N 
N 
P 
P 
N 
N 

Lei 
P 
P 
P 


2N2915 
2N2916 
d Effect 


8-216 

8-216 

8-221 

8-221 

11-7 

11-7 

Transistc 


HSS 
HSS 
HSS 
HSS 
DFA 
DFA 
r, s 
CHP 
CHP 
CHP 


.3IW 
.31W 
.31W 
.31W 
.3W 
.3W 
ie Table 
.SW 
.5W 
.5W 


A 
A 
A 
A 
A 
A 
o 
A 
A 
A 


135 
135 
135 
135 
200 
200 
i Paj 
200 
200 
200 


60 
60 
40 
40 
60 
60 
e 1-: 
60 
60 
60 


4U 
40 
40 
40 
45 
60 
71 
50 
40 
30 


0 
0 
0 
0 
0 
0 

0 
0 
0 


bU 
100 

50 
100 

60 
100 

40 
60 
90 


1 bU 
300 
150 
300 
300 
500 

160 
240 


IUM 
10M 
10M 
10M 
10* 
10» 

1M 
1M 
1M 


•z 
.2 

.25 
.25 
.35 
.35 

.3 
.3 
.3 


IUM 
10M 
10M 
10M 
IM 
IM 

10M 
10M 
10M 


5U 
100 

50 
100 


t 
E 
E 
E 


ZbUM 

300M 
200M 
250M 
60M 
60M 

4M 
8M 
10M 


r 

T 
T 
T 
T 
T 

T 
T 
T 


2N3913 

2N3914 

2N39 15 

2N3916 

2N3917 

2N3918 

2N3919 

2N3920 

2N3921 

2N3922 


s 
s 
s 
s 
s 
s 
s 
s 

F 


P 
P 
P 
N 
N 
N 
N 
N 

Le] 


d Effect 


Transistc 


CHP 
CHP 
CHP 
LPA 
LPA 
LPA 
PMS 
PMS 

rs, 


.4W 
.4W 
.4W 

5W 
20W 
20W 
15W 
15W 

see Tab: 


A 
A 
A 
C 
C 

c 
c 
c 

e 


iJUU 
200 
200 
150 
150 
150 
150 
150 

an P£ 


6U 
60 
60 
150 
80 
80 
120 
120 

ge 1- 


bU 
40 
30 
150 
40 
40 
60 
60 

171 


u 

0 
0 
0 
0 
0 
0 
0 


4U 
60 
90 
40 
30 

100 
40 

100 


loU 
240 

200 
120 
300 
120 
300 


IM 
1M 
IM 
.15A 
1A 
1A 
2A 
2A 


.3 
.3 
.3 

5 

1.2 
1.2 
1.2 
1.2 


IUM 
10M 
10M 
. 15A 
1A 
1A 
10A 
10A 


30 
15 
30 


E 
E 
E 


4M 
8M 
10M 
50M 
50M 
50M 
80M 
80M 


1 

T 
T 
T 
T 
T 
T 
T 


2N3923 
2N3924 
2N3925 
2N3926 
2N3927 
2N3928 
2N3929 
2N3930 
2N3931 
2N3932 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
N 
N 
N 
P 
P 
N 




9-91 
9-91 
9-91 
9-91 


VID 
HPA 
HPA 
HPA 
HPA 
PHS 
PHS 
AFA 
AFA 
RFA 


.8W 
7W 
10W 
11. 6W 
23. 2W 
7.5W 
30W 
.4W 
.7W 
.2W 


A 
C 
C 
C 
C 
C 
C 
A 
A 
A 


200 
200 
200 
200 
200 
175 
175 
200 
200 
200 


150 

36 
36 
36 
36 
80 
80 
180 
180 
30 


150 
18 
18 
18 
18 
40 
40 
180 
180 
20 


o 

0 
0 
0 
0 
0 
0 
0 
0 
0 


30 

20 
20 
80 
80 
40 


120 

300 
300 
300 
300 
150 


25M 

1.5A 
1.5A 
10M 
10M 

2M 


1 

5 
5 

.25 

.25 


25M 

1.5A 
1.5A 

10M 
10M 


20 

100 
100 
50 


E 

E 
E 
E 


40M 
250M 
250M 
250M 
200M 
200M 
200M 
40M 
4 ON. 
750M 


r 

T 
T 
T 
T 
T 
T 
T 
T 
T 


2N3933 

2N3934 

2N3935 

2N3936 

thru 

2N3940 

2N3941 

2N3942 

2N39U3 

2N3944 


s 

T 

s 
s 
s 
s 


N 

lyi 

N 
N 
N 
N 


u Liieci 
istors, s 


[ransistc 
ee Table 


RFA 

on P 

DFA 
DFA 
DFA 
DFA 


• 2 W 

see Tab] 

ige 1-1 

.75W 
.75W 
.5W 
.5W 


e 
H 

c 
c 
c 
c 


200 
jn P* 

200 
200 
200 
200 


40 
ge 1- 

60 
60 
60 
60 


30 
171 

45 
45 
45 
45 


Q 

0 
0 
0 
0 


60 

400 
400 
400 
400 


200 


2M 

10« 
10* 
10* 
10* 






60 

300 
300 
300 
300 


E 

E 
E 
E 

E. 


7 50M 

200M 
200M 
200M 
200M 


j 

T 
T 

T 
T 


2N3945 

2N3946 

2N3947 

2N3953 

2N3954 

thru 

2N3958 

2N3959 

2N3960 


s 
s 
s 
s 

F 

s 
s 


N 
N 
N 
N 

.el 

N 
N 


d Effect 


8-226 
8-226 

rransistc 

8-232 
8-232 


MNS 
HSA 
HSA 

RFA 

rs, 

HNS 
HNS 


5W 
360M 
360M 
.2W 

see Tab! 
400M 


Q 

A 
A 
A 

e 
A 


200 
200 
200 
200 

>n P< 
200 


70 
60 
60 
15 

ge 1- 
20 


50 
40 
40 
12 

171 

12 
12 


o 

0 
0 
0 

0 


40 
50 
100 
30 

40 
40 


250 
150 
300 

360 

200 
200 


.15A 

10M 
10 M 
2M 

10M 
10 M 


.5 

.3 
.3 

.3 
.3 


.15A 

50M 
50M 

30N 
30M 


50 
100 
40 

13 
16 


E 
E 
E 

E 
E 


60M 
25 OM 
300M 
1.3G 

1.3 C 
1.6 C 


T 

T 
T 
T 

T 
T 













































1-155 



Numerical Index 

2N3961— 2N4062 



TYPE 


S 
Z 


1 

o 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 


£ 


Tj 
°C 


Vcbo 
(volts) 


Vce- 
(volts) 




(min) (max) => 


(volts) 1 




s 

% 


f_ 




2N3961 

2N3962 

2N3963 

2N396U 

2N3965 

2N3966 

thru 

2N3972 

2N3973 

2N397U 


S 
S 

s 
s 
s 

F 

s 
s 


N 
P 
P 
P 

P 

el 

N 
N 


3 Effect 


9-69 

'ransisto 


HP A 
AFA 
AF A 
AFA 
AFA 

rs , 

MSC 
MSC 


10W 
.36W 
.36W 
.36W 
.36W 

ee Tabl 

.36W 
.36W 


C 
A 
A 
A 
A 

e 

A 
A 


200 
200 
200 
200 
200 

>n Pa 

150 
150 


65 
60 
80 
U5 
60 

ge 1- 

60 
60 


UO 
60 
80 
U5 
60 

171 

30 
30 


0 
0 
0 
0 
0 

0 
0 


100 
100 

250 
250 

35 
55 


300 
300 
500 
500 

100 

200 


10* 
10* 
10* 
10* 

10M 
10M 


.25 
.25 
.25 
.25 

.3 
.3 


10M 
10M 
10M 
10M 

. 15A 
. 15A 


100 
100 
250 
250 


E 
E 
E 
E 


UOOM 
UOM 
UOM 
50M 
50M 

200M 
200M 


T 
T 
T 
T 
T 

T 
T 


2N3975 
2N3976 

2N397B 
2N3979 
2N3980 
2N3V81 
2N3982 
2N3983 
2N398U 


s 
s 

s 
s 

Ut 

s 
s 
s 
s 


N 
N 

P 
P 
ij 
N 

N 
N 
N 


inction T 


ransistor 


MSC 
MSC 
CHP 
CHP 
CHP 
, se< 
HSS 
HSS 
RFC 
RFC 


.36W 
.36W 
.UW 
.UW 
.UW 
! Table 
.8W 
.8W 
.2W 
.2W 


A 
A 
A 
A 
A 
on 
A 
A 
A 
A 


150 
150 
200 
200 
200 
Page 
200 
200 
150 
150 


60 
60 
15 
25 
UO 
1-1/ 
60 
50 
30 
30 


30 
30 
10 
20 
35 

7 

30 
20 
12 
12 


0 
0 
0 
0 
0 

0 
0 
0 
0 


35 
55 
UO 
30 
20 

30 
UO 
30 
20 


ICO 
200 

120 
1U0 


10M 
10M 
5M 
5M 
5M 

.15A 
. 15A 

UM 
UM 


.3 
.3 
.1 

. 15 
. 15 

.U 
• U 


• 15A 
. 15A 

5M 
5M 
5M 

. 15A 
. 15A 






200M 
200M 
1M 
1M 
1M 

250M 
250M 
500M 
UOOM 


T 
T 
T 
T 
T 

T 
T 
T 
T 


2N3985 

2N3986 

thru 

2N3992 

2N3993 

2N3994 

2N3995 

2N3996 

2N3997 

2N3998 


s 

Tt 

F: 

G 
S 

s 
s 


N 
yr 

el 

P 
N 
N 
N 


Lstors, s 

1 Effect ' 
2N2929 


le Table 

"ransisto 
9-28 


RFC 
on Pi 

rs, i 

RFA 
PHS 
PHS 
PHS 


-2W 

ge l-U 

ee Tabl 

.3W 

2W 
2W 
2W 


A 
1 

e 

A 
A 
A 
A 


150 

>n Pa 

100 
200 
200 
200 


30 

ge 1- 

20 
100 
100 
100 


12 

171 
12 

80 
80 
80 


0 

0 
0 
0 
0 


20 

UO 
UO 
80 
UO 


200 
120 
2U0 
120 


UM 

2M 
1 A 
1A 
1A 


.25 
.25 

.25 


1 A 
1A 
1A 


150 


E 


300M 

.6G 

UOM 
UOM 
UOM 


T 

T 
T 
T 
T 


2N3999 
2NU000 
2NU00 1 
2NU012 
2NU015 
2NU016 
2NU020 
2NU021 
2NU022 
2MU023 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


N 
N 
N 
N 
P 
P 
P 
P 
P 
P 




9-95 


PHS 
PHS 
PHS 
LPA 
DFA 
DFA 
DFA 
DFA 
DFA 
DFA 


2W 
1W 
1W 
11. 6W 
.UW 
.UW 
.UW 
.UW 
.UW 
• UW 


A 
A 
A 
C 
A 
A 
A 
A 
A 
A 


200 
200 
200 
200 
200 
200 
200 
200 
200 
200 


100 
100 
120 
65 
60 
60 
U5 
60 
60 
45 


80 
80 
100 
UO 
60 
60 
U5 
60 
60 
U5 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


80 
30 
UO 
U 

135 
135 

250 
100 
250 
250 


2U0 
120 
120 
UO 
350 
350 
5C0 
350 
500 
500 


1A 
.5A 
.5A 
1A 
1M 
1M 
10* 
10* 
10* 
10* 


.25 
.3 
.3 

1 

.25 
.25 
.25 
.25 
.25 
.25 


1A 
.5A 
.5A 
-25A 

50M 
50M 
10M 
10M 
10M 
10M 


135 
135 
250 
100 
250 
250 


E 
E 
E 
E 
E 
E 


UOM 
UOM 
UOM 
UOOM 
200M 
200M 
50M 
UOM 
50M 
50M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2NU02U 
2NU025 
2NU026 
2NU027 
2NU028 
2NU029 
2NU030 
2NU031 
2NU032 
2N4033 


s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


P 
P 
P 
P 
P 
P 
P 
P 
P 
P 






DFA 
DFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 


.UW 
.UW 
.5W 
.5W 
.5W 
.5W 
,8W 
.8W 
.8W 
.8W 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


200 
200 
200 
200 
200 
200 
200 
200 
200 
200 


60 
60 
60 
80 
60 
80 
60 
80 
60 
80 


60 
60 
60 
80 
60 
80 
60 
80 
60 
80 


0 
0 
0 
0 

o. 

0 
0 

d 

0 
0 


100 
250 
UO 
UO 
100 
100 
UO 
UO 
100 
100 


350 
500 
120 
120 
300 
3C0 
120 
120 
300 
3C0 


10* 
10* 
.1A 
.1A 
.1A 
. 1 A 
. 1A 
. 1A 
.1A 
. 1A 


.25 
.25 

1 

.5 

1 

.5 

1 

.5 

1 

.5 


10M 
10M 

1A 
.5A 

1A 
.5A 

1A 
.5A 

1A 
.5A 


100 
250 


E 
E 


UOM 
50M 
100M 
100M 
150M 
150M 
100M 
100M 
150M 
150M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


2NU034 
2NU035 
2NU0U0 
2NU0U 1 
2NU0U2 
2NU0U3 
2NU0UU 
2NU0U5 
2N4048 
2N4049 


s 
s 
s 
s 
s 
s 
s 
s 

"G 
G 


P 
P 
N 
N 
N 
N 
N 
N 
P 
P 




6-144 
6-144 


HSS 
HSS 
HP A 
HPA 
DFA 
DFA 
DFA 
DFA 
LPA 
LPA 


.36W 
.36W 
17. 5W 
10W 
.3W 
.3W 
.UW 
.UW 

now" 

170W 


A 
A 
C 
C 

c 
c 
c 
c 
c 
c 


200 
200 
200 
200 
200 
200 
200 
200 
110 
110 


UO 
UO 
60 
60 
60 
U5 
60 
U5 
45 
60 


UO 
UO 
UO 
UO 
6G 
U5 
60 
U5 
30 
45 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


70 
150 
10 
10 
200 
80 
200 
80 
60 
60 


200 
3C0 
80 
80 
6C0 
800 
600 
800 
120 
120 


10M 
10M 
.1A 
75M 
10* 
10* 
10* 
10* 
15 A 
15 A 


.13 
. 13 

2 
2 

.35 
.35 
.35 
. 35 
.30 
.30 


1M 
1M 
1A 
.5A 
1M 
1M 
1M 
1M 
60 A 
60 A 


5U 
150 


t 
E 


UUUM 
U50M 
UOOM 
UOOM 
200M 
150M 
200M 
150M 
2 K 
2 K 


T 
T 
T 
T 
T 
T 
T 
T 
E 
E 


2N4050 

2N4051 

2N4052 

2N4053 

2NU058 

2NU059 

2NU060 

2NU061 

2NU062 


G 
G 
G 
G 
S 

s 
s 
s 
s 


P 
P 
P 
P 
P 
P 
P 
P 
P 




6-144 
6-144 
6-144 
6-144 


LPA 
LPA 
LPA 
LPA 
AFC 
AFC 
AFC 
AFC 
AFC 


170W 
170W 
170W 
170W 
.25W 
.25W 
.25W 
.25W 
.25W 


c 
c 
c 
c 

A 
A 
A 
A 
A 


110 
110 
110 
110 
150 
150 
150 
150 
150 


75 
45 
60 
75 
30 
30 
30 
30 
30 


60 
30 
45 
60 
30 
30 
30 
30 
30 


0 
0 
0 

G 
0 

b 

0 
0 
0 


60 
60 
60 
60 

100 
U5 
U5 
90 

180 


120 
180 
180 
180 
UOO 
660 
165 
330 
660 


15 A 
15 A 
15 A 
15 A 
.1M 
1M 
1M 
1M 
1M 


.30 
.30 
.30 
.30 
.7 
.7 
.7 
.7 
.7 


60 A 
60 A 
60 A 
60 A 
10M 
10M 
10M 
10M 
10M 


100 
U5 
U5 
90 

180 


E 
E 
E 
E 
E 


2 K 
2 K 
2 K 
2 K 


E 
E 
E 
E 
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Numerical Index 



2N4072 — 3N126 



TYPE 


3E 


| 


REPLACE- 
MENT 


PAGE 
NUMBER 


USE 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


@25°C 




h 

°c 


^CBO 

(volts) 


V C E- 

(volts) 




h FE @ lc 
(min) (max) = 


V CE (SAT)@lc w 

(volts) 1 


hf- 








2N4072 

2N4073 

2N4082 

thru 

2N4085 

2N409L 

thru 

2N4093 

2N410L 

thru 


s 
s 

F 
F 
T 


N 
N 

.e] 
.e] 
lyi 


d Effect 
d Effect 
istors, s 


9-97 
9-97 

Transistc 
Transistc 
ie. Table 


HPA 
rs , 

rs , 

on P 


1.5W 
1.5W 

;ee Tabl 
;ee Tabl 
ige 1-16 


C 
C 

e 
e 
1 


200 
200 

on ?c 
an Pc 


40 
40 

ge 1- 
gc 1- 


20 
20 

171 
171 


0 
0 


10 
10 




25 A 
25 A 










550M 
550M 


T 
T 


2N4103 

2N4117 

thru 

2N4119 

2N4123 

2N4124 

2N4125 

2N4126 

2N4144 

thru 


F 

S 
S 
S 
S 

Tt 


.el 

N 
N 
N 
N 

lyi 


d Effect 
istors, s 


Cransisto 

8-236 
8-236 
8-240 
8-240 

ie Table 


rs , 

HSA 
HSA 
HSA 
HSA 

on P 


;ee Tabl 

310M 
310M 
310M 
310M 

ige 1-16 


e 

A 
A 
A 
A 

1 


m Pa 

135 
135 
135 
135 


ge 1- 

40 
30 
30 
25 


171 

30 
25 
30 
25 


0 
0 
0 
0 


50 
120 

50 
360 


150 
360 
150 
120 


2mA 
2mA 
2mA 
2mA 


0.3 
0.3 
0.3 
0.3 


50 mA 
50 mA 
50 mA 
50 mA 


50 
120 
2.0 
2.5 


E 
E 
E 
E 


250M 
300M 
200M 
25 0M 


T 
T 
T 
T 


2N4149 

2N4151 

thru 

2N4204 

2N4220 

thru 

2N4224 

2N4234 

2N4235 

2N4236 


Tl 

F 

S 
S 
S 


tyi 

el 

P 
P 
P 


istors, s 
d Effect 


le Table 

'ransisto 

6-146 
6-146 
6-146 


on P; 

rs , ; 

LPA 
LPA 
LPA 


ige 1-16 

ee Tabl 

6W 
6W 
6W 


1 

e 

C 
C 

c 


hi Pa 

200 
200 
200 


ge 1- 

40 
60 
80 


171 

40 
60 
80 


0 
0 
0 


30 
30 
30 


150 
150 
150 


250mA 
250mA 
250mA 


0.6 
0.6 
0.6 


1.0 A 
1.0 A 
1.0 A 


25 
25 
25 


E 
E 
E 


3.0M 
3.0M 
3.0M 


T 
T 
T 


2N4238 
2N4239 
2N4260 
2N4261 
2N4264 
2N4265 
2N4276 
2N4277 
2N4278 


S 

s 
s 
s 
s 
s 

G 
G 
G 


P 
P 
P 
P 
P 
P 
P 
P 
P 




6-148 
6-148 
8-244 
8-244 
8-248 
8-248 
6-150 
6-150 
6-150 


LPA 
LPA 
HNS 
HNS 
HSS 
HSS 
LPA 
LPA 
LPA 


5W 
5W 
5W 
200M 
200M 
310M 
310M 
170W 
170W 
170W 


c 
c 
c 
aI 

A 
A 
A 
C 

c' 

C 


175 
175 
175 
200 
200 
135 
135 
110 
110 
110 


50 
80 
100 
15 
5 
30 
30 
30 
30 
45 


40 
60 
60 
15 
15 
15 
12 
20 
20 
30 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


40 
40 
40 
30 
30 

100 
60 
80 
60 


160 
160 
160 
150 
150 

400 
120 
180 
120 


500mA 
500mA 
500mA 
10mA 
15 A 

15 A 
15 A 
15 A 
15 A 


2.5 
2.5 
2.5 

15 
15 

0.22 
0.30 
0.30 
0.30 


1.0 A 
1.0 A 
1.0 A 

10 mA 
10 mA 

10 mA 
50 A 
50 A 
50 A 


40 
40 
40 
16 
20 


E 
E 
E 
E 
E 


10M 

10M 

10M 

1500M 

2000M 

300M 

300M 

0.4M 

0.4M 

0.4M 


T 
T 
T 
T 
T 
T 
T 
T 
T 
T 


/y 

2N4280 

2N4281 

2N4282 

2N4283 

2N4351 

2N4352 

3N39 

thru 

3N44 


G 
G 
G 
G 
F: 

R( 


P 
P 
P 
P 
el 

fe 


d Effect ' 
rence Amp 


6-150 
6-150 
6-150 
6-150 
6-150 

^ransisto 
.ifiers, 


LPA 
LPA 
LPA 
LPA 
rs , ! 

see ' 


170W 
170W 
17 0W 
170W 
170W 

ee Tabl 
'able on 


C 
C 
C 
C 
C 

e 

P 


110 
110 
110 
110 
110 

>n Pa 
ige 1 


45 
60 
60 
75 
75 
ge 1- 

-175 


30 
45 
45 
60 
60 

L71 


0 
0 
0 
0 
0 


80 
60 
80 
60 
80 


180 
120 
180 
120 
180 


15 A 
15 A 
15 A 
15 A 
15 A 


0.30 
0.30 
0.30 
0.30 
0.30 


50 A 
50 A 
50 A 
50 A 
50 A 






0.4M 
0.4M 
0.4M 
0.4M 
D.4M 


T 
T 
T 
T 
T 


3N45 

3N46 ' 

3N47 

3N48 

3N49 

3N50 

3N5L 

3N52 

3N58 

thru 


G 
G 
G 
G 
G 
G 
G 
G 

Tt 


P 
P 
P 
P 
P 
P 
P 
P 

yr 


Lstors, s 


:e Table 


PMS 
FMS 
PMS 
PMS 
PMS 
PMS 
PMS 
PMS 

in P; 


75W 
75W 
75W 
75W 
94W 
94W 
94W 
94W 

gp 1-16 


C 
C 

c 
c! 
c 
c 
c 
c 

1 


100 
100 
100 
100 
100 
100 
100 
100 


60 
80 
40 
60 
60 
80 
40 
60 


35 
50 
25 
40 
35 
50 
25 
40 




30 
20 
30 
20 
30 
20 

20 


120 

80 
120 

80 
120 

80 
120 

80 


5 A 
5 A 
5 A 
5 A 
5 A 
5 A 
5 A 
5 A 


.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 


5 A 
5 A 
5 A 
5 A 
5 A 
5 A 
5 A 
5 A 


30 
30 
30 
30 


E 
E 
E 
E 


500K 
300K 
500K 
300K 
S00K 
300K 
300K 
300K 


T 
T 
T 
T 
T 
T 
T 
T 


3N60 
3N80 
thru 
3N86 
3N89 
3N96 
thru 
3N99 
3N124 
thru 
3NL26 


Tl 
Fi 
Fi 

Fi 


yr 
el 
el 

el 


Lstors, s 
1 Effect ' 
1 Effect ' 

1 Effect ' 


;e Table 
'ransisto 
'ransisto 

'ransisto 


>n ?e 
• > s< 
rs, ; 

rs , s 


ge 1-16 

e Table 
ee Tabl 

ee Tabl 


1 

o 


i Pag 
m Pa 

in Pa 


2 1-1 
;e 1- 

;e 1- 


71 
L71 

L71 
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General Information 

ADDITIONS AND MODIFICATIONS 
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General Information 

ADDITIONS AND MODIFICATIONS 
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THYRISTORS 

Index and Short Form Specifications 

This table contains a numerical listing and short-form specifications for 
thyristors with EIA-registered 2N and 3N numbers. Specific types of thyristors 
listed include silicon controlled rectifiers, gate -controlled switches, and silicon 
controlled switches. 



KEY 





TYPE 


REPLACE- 
MENT 


PAGE 
NUMBER 


lo 
A 


v fom/ v rom 
V 


Tj 
°C 


Igt 
mA 


Vgt 
V 


Numerical Listing of 
Registered Type Num- 
bers * Device with gate 
turn-off characteristics 
















Type number of recommended 
replacement or of nearest 
electrical equivalent fully 
characterized in this book 














Page in this book on which the device 
is fully characterized 














Average Forward Current (180° conduction angle) 
*Pulse current rating 












Maximum Forward Voltage 

Maximum Reverse Voltage 

For most thyristors, V FO m = V RO m and 
only one voltage value is tabulated 










Maximum Junction Temperature 










Maximum DC Gate Current required to cause switching 
from the "OFF" state to the "ON" state (at 25°C) 




The DC Voltage between gate and cathode required to produce 
the DC Gate Trigger Current (Igt) 
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Numerical Index 



THYRISTOR INDEX 2N681 — 2N1597A 



TYPE 


REPLACE- 


PAGE 


lo 


^fom/^rom 


Tj 


Igt 


Vgt 


MENT 


NUMBER 


A 


V 


°C 


mA 


v 


2N681 




5-9 


16 


25 


125 


40 


2.0 


2N681A 






18 


25 


125 


40 


2.0 


2N682 




5-9 


16 


50 


125 


40 


2.0 


2N682A 






18 


50 


125 


40 


2.0 


2N683 




5-9 


16 


100 


125 


40 


2.0 


2N683A 






18 


100 


125 


40 


2.0 


2N684 




5-9 


16 


150 


125 


40 


2.0 


2N684A 






18 


150 


125 


40 


2.0 


2N685 




5-9 


16 


200 


125 


40 


2.0 


Oxj /"OCA 

2N685A 






18 


200 


125 


40 


2.0 


2N686 




5-9 


16 


250 


125 


40 


2.0 


OtiT £ O C A 

2N686A 






18 


250 


125 


40 


2.0 


2N687 




5-9 


16 


300 


125 


40 


2.0 


2N687A 






18 


300 


125 


40 


2.0 


2N688 




5-9 


16 


400 


125 


40 


2.0 


Oxt/" O O A 

2N688A 






18 


400 


125 


40 


2.0 


2N689 




5-9 


16 


500 


125 


40 


2.0 


2N689A 






18 


500 


125 


40 


2.0 


2N690 






16 


600 


125 


40 


2.0 


2N690A 






18 


600 


125 


40 


2.0 


2N691 






16 


700 


125 


40 


2.0 


2N692 






16 


800 


125 


40 


2.0 


OVT 1 C /. J- 

2N7o4' v 






. 20 


30 


125 


1 . 0 


1.0 


2N765* 






. 20 


60 


125 


1.0 


1.0 


Out ~f f f *JU 

2N766* 






. 20 


100 


125 


1.0 


1.0 


2N767* 






. 20 


200 


125 


1.0 


1.0 


2N876 






. 20 


15 


150 


. 2 


. 8 


2N877 






.20 


30 


150 


. 2 


. 8 


2N878 






. 20 


60 


150 


.2 


. 8 


2N879 






. 20 


100 


150 


. 2 


.8 


2N880 






.20 


150 


150 


.2 


.8 


2N881 






.20 


200 


150 


.2 


.8 


2N882 






.20 


300 


150 


.2 


.8 


2N883 






.20 


400 


150 


.2 


. 8 


2N884 






.20 


15 


150 


.02 


. 6 


2N885 






.20 


30 


150 


.02 


. 6 


2N886 






.20 


60 


150 


.02 


.6 


2N887 






.20 


100 


150 


.02 


. 6 


2N888 






.20 


150 


150 


.02 


.6 


2N889 






.20 


200 


150 


.02 


. 6 


2N890 






.20 


300 


150 


.02 


. 6 


2N891 






. 20 


400 


150 


. 02 


. 6 








. 250 


15 


125 


. 05 


. 70 


2N893* 






.250 


15 


125 


. 05 


.70 


2N894* 






.250 


30/15 


125 


0.05 


0. 70 


2N895* 






. 250 


30/15 


125 


0.05 


0.70 


2N896* 






.250 


60/15 


125 


0.05 


0.70 


2N897* 






. 250 


60/15 


125 


0.05 


0. 70 


2N898* 






. 250 


100/15 


125 


0. 05 


0.70 


2N899* 






.250 


100/15 


125 


0.05 


0.70 


2N900* 






. 250 


200/15 


125 


0.05 


0. 70 


2N901* 






.250 


200/15 


125 


0.05 


0.70 


2N948 






.200 


30 


150 


0. 02 


1.0 


2N949 






. 200 


60 


150 


0.02 


1.0 


2N950 






.200 


100 


150 


0. 02 


1.0 


2N951 






.200 


200 


150 


0.02 


1.0 


2N1595 




5-12 


1.0 


50 


125 


10 


3.0 


2N1595A 






1.0 


50 


150 


2.0 


2.0 


2N1596 




5-12 


1.0 


100 


125 


10 


3.0 


2N1596A 






1.0 


100 


150 


2.0 


2.0 


2N1597 




5-12 


1.0 


200 


125 


10 


3.0 


2N1597A 






1.0 


200 


150 


2.0 


2.0 



1-161 



Numerical Index 



2N 1 598 — 2N 1 845B TH YRISTOR INDEX (continued) 



TYPE 


REPLACE- 


PAGE 


lo 


v fom/Vrom 


Tj 


Igt 


Vqt 


MENT 


NUMBER 


A 


V 


°C 


mA 


V 


9\T 1 CQQ 




5-12 


1.0 


300 


125 


10 


3.0 


Ov 1 C QQA 

ZJN LD yoA 






1.0 


300 


150 


2.0 


2.0 






5-12 


1.0 


400 


125 


10 


3.0 


OUT i cnn* 

zNijyyA 






1.0 


400 


150 


2.0 


2.0 


ZNloUU 


Oat 7. 1 f O 

ZN4-168 


5-23 


3 


50 


125 


10 


3.0 


ZNloUUA 






3 


50 


125 


4.5 


3.0 


2N1601 


2N4169 


5-23 


3 


100 


125 


10 


3.0 


2N1602 


2N4170 


5-23 


3 


200 


125 


10 


3.0 


2N1603 


2N4171 


5-23 


3 


300 


125 


10 


3.0 




ZlN^+l / Z 


5-23 


3 


400 


125 


10 


3 .0 


2N1686* 








JU 


IOC 

1ZO 


1 
1 


i 
i 


2N1687* 






^5 


60 


125 


]_ 




2N1688* 






. 5 


100 


1 oc 
JLZ_) 


1 
1 


l 


2N1689* 






# 5 


200 


125 






2N1765 






50 


400/- 


85 


i n 


1.3 


2N1770 


2N4167 


5-23 


4.7 


25 


125 


1 J 


2 


2N1770A 






5. 7 


25 


150 


1 c 
lj 


9 n 


9>J1 7 71 
Z1N 1 / / 1 


OTvTA 1 £Q 


5-23 


4.7 


50 


125 


15 


2 


ZJN 1 // LA 






4.7 


50 


150 


15 


2.0 


2N 1772 


OvrA 1 CQ 


5-23 


4.7 


100 


125 


15 


2 


Ovr 1 "7 "7 1 A 
ZJN 1 / / ZA 






4.7 


100 


150 


15 


2.0 


ZJN 1 / / J 


ZJN'H /U 


5-23 


4.7 


150 


125 


15 


2 


9X71 7 70A 






4.7 


150 


150 


15 


2.0 


2N1774 


2N4170 


5-23 


4.7 


200 


125 


15 


2 


9TJ1 7 7 A A 
ZJN1 / /tj-A 






4.7 


200 


150 


15 


2.0 


2N1775 


2N4171 


5-23 


4.7 


250 


125 


15 


2 


9M1 7 7 C A 
ZJN 1 / / jA 






4.7 


250 


150 


15 


2.0 


9TJ1 77 A 
ZJN 1 / / D 


2N4171 


5-23 


4.7 


300 


125 


15 


2 


ZJN 1 / / OA 






4.7 


300 


150 


15 


2.0 


9\Tl 7 7 £tl 

ZJN 1 / / oB 






4.7 


300 


150 


15 


2.0 


2N1777 


2N4172 


5-23 


4.7 


400 


125 


15 


2 


Ola 1 "7 "7 1 A 
ZJN 1 / / / A 






4.7 


400 


150 


15 


2.0 


2N1778 


2N4173 


5-23 


4.7 


500 


125 


15 


2 


OVfl "7 "7 OA 

ZJNI / /oA 






4.7 


500 


150 


15 


2.0 


ZNl/yz 






70 


60 


125 


75 


3.0 


OVT 1 IflO 

zni /y 3 






70 


120 


125 


75 


3.0 


2N1794 






70 


180 


125 


75 


3.0 


2N1795 






70 


240 


125 


75 


3.0 


2N1796 






70 


300 


125 


75 


3.0 


2N1797 






70 


360 


125 


75 


3.0 


9T\T1 7QQ 

zjnjl /yo 






70 


480 


125 


75 


3.0 


9TJ1 7QQ 

zjni /yy 






70 


600 


125 


75 


3.0 


£JNJLoUU 






70 


720 


125 


75 


3.0 


9\Tl QA1 
ZJNloUJL 






70 


840 


125 


75 


3.0 


9\n QA9 
ZJNloUZ 






70 


960 


125 


75 


3.0 


9\Tl OftQ 
ZJNIOUj 






70 


1080 


125 


90 


3.0 


9TJ1 0.<V. 
ZJNloUM- 






70 


1200 


125 


90 


3.0 


tmi one 






70 


500 


125 


75 


3.0 


om'i one 
ZJNloUo 






70 


600 


125 


75 


3.0 


9TJ1 QH7 
ZJNloU/ 






70 


700 


125 


75 


3.0 


9TvTl OA 9 
ZJNJL.OH-Z. 




5-14 


10 


25 


100 


80 


2.0 


Ovr1 OA O A 

ZNIoh-ZA 




5-17 


10 


25 


125 


80 


2.0, 


9M1 QA Otj 
ZNlOM-ZB 






13 


25 


125 


75 


3.0 


Ovrl QA "3 
ZJNJL OH J 




5-14 


10 


50 


100 


80 


2.0 


£JN JL Of JA 




K 1 7 " 


1U 


50 


125 


80 


2.0 


2N1843B 






13 


50 


125 


75 


3.0 


2N1844 




5-14 


10 


100 


100 


80 


2.0 


2N1844A 




5-17 


10 


100 


125 


80 


2.0 


2N1844B 






13 


100 


125 


75 


3.0 


2N1845 




5-14 


10 


150 


100 


80 


2.0 


2N1845A 




5-17 


10 


150 


125 


80 


2.0 


2N1845B 






13 


150 


125 


75 


3.0 
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THYRISTOR INDEX (continued) 2N 1 846 — 2N2009 



TYPE 


REPLACE- 


PAGE 


lo 


^fom/Vrom 


Tj 


Igt 


Vqt 


MENT 


UIIUDrD 

NUMBER 


A 


V 


°C 


mA 


V 


2N1846 




5-14 


10 


200 


100 


80 


2. 0 


?N1 84 6A 




5-17 


10 


200 


125 


80 


2.0 


9N1 RLfsR 






13 


200 


1 9 R 




J . u 


2N1847 




5-14 


10 


250 


100 


80 


2 0 


9NT1 RA.7A 
JL OH* / 




5-17 


10 


250 


125 


80 


2.0 


Z.V\ A OH" / O 






13 


250 


125 


75 


3 0 


2N1848 




5-14 


10 


300 ■ 


100 


80 


2. 0 


?N1 84 8A 




5-17 


10 


300 


125 


80 


2.0 


9M1 R/i qb 






13 


300 


125 


75 


3.0 


2N1849 




5-14 


10 


400 


100 


80 


2.0 


2N1849A 




5-17 


10 


400 


125 


80 


2.0 


2N1849B 






13 


400 


125 


75 


3.0 


2N1850 




5-14 


10 


500 


100 


80 


2.0 


2N1850A 




5-17 


10 


500 


125 


80 


2.0 


2N1850B 






13 


500 


125 


75 


3.0 


2N1869 






. 80 


i <5 


1 50 


. 2 


. 8 


2N1869A 






.80 


15 


150 


. 2 


. 8 


2N1870 






. 80 


30 


150 


m 2 


.8 


2N1870A 






. 80 


30 


150 


. 2 


. 8 


2N1871 






. 80 


60 


150 


. 2 


. 8 


?N1 ft7i a 

/LVi J. O ./ -Lrx 






. 80 


60 


150 


. 2 


. 8 


2N1872 






.80 


100 


150 


.2 


.8 


2N1872A 






. 80 


100 


150 


. 2 


.8 


2N1873 






. 80 


150 


150 


2 


. 8 


2N1873A 






.80 


150 




# 2 


. 8 


2N1874 






. 80 


200 


150 


. 2 


.8 


2N1874A 






. 80 


200 


150 


. 2 


.8 


2N1875 






. 80 


15 


150 


. 020 


. 6 


2N1875A 






. 80 


15 


150 


.020 


.6 


2N1876 






. 80 


30 


150 


. 020 


. 6 


2N1876A 






.80 


30 


150 


.020 


. 6 


2N1877 






.80 


60 


150 


. 020 


. 6 


2N1877A 






.80 


60 


150 


.020 


. 6 


2N1878 






. 80 


100 


150 


. 020 


. 6 


9M1 R7RA 
Z1N JL O / Oil 






. 80 


100 


150 


. 020 


. 6 


2N1879 






. 80 


150 


150 


. 020 


. 6 


2N1879A 






.80 


150 


150 


.020 


.6 


2N1880 






.80 


200 


150 


.020 


.6 


2N1880A 






.80 


200 


150 


.020 


.6 


2N1881 






1.00 


30 


150 


2 


2 


2N1882 






1.00 


60 


150 


2 


2 


2N1883 






1.00 


100 


150 


2 


2 


2N1884 






1.00 


150 


150 


2 


2 


2N1885 






1.00 


200 


150 


2 


2 


2N1909 






70 


25 


125 


75 


3.0 


2N1910 






70 


50 


125 


75 


3.0 


2N1911 






70 


100 


125 


75 


3.0 


2N1912 






70 


150 


125 


75 


3.0 


2N1913 






70 


200 


125 


75 


3.0 


2N1914 






70 


250 


125 


75 


3. 0 


2N1914A 






70 


250 


125 


75 


3.0 


2N1914B 






70 


250 


125 


75 


3.0 


2N1915 






70 


300 


125 


75 


3.0 


2N1916 






70 


400 


125 


75 


3.0 


2N1929 


2N4191 


5-23 


.550 


25 


125 


15 


2.0 


2N1930 


2N4192 


5-23 


.550 


50 


125 


15 


2.0 


2N1931 


2N4193 


5-23 


.550 


100 


125 


15 


2.0 


2N1932 


2N4194 


5-23 


.550 


150 


125 


15 


2.0 


2N1933 


2N4194 


5-23 


.550 


200 


125 


15 


2.0 


2N1934 


2N4195 


5-23 


.550 


250 


125 


15 


2.0 


2N1935 


2N4195 


5-23 


.550 


300 


125 


15 


2.0 


2N2009 






1.0 


25 


150 


0.2 


1.0 
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2N2010— 2N2547 THYRISTOR INDEX (continued) 



TYPF 


REPLACE- 


PAGE 


lo 


Vfom/V Rom 


Tj 


Igt 


Vgt 


MENT 


NUMBER 


A 


V 


°C 


mA 


V 


2N2010 






1.0 


50 


150 


0.2 


1.0 


2N2011 






1.0 


100 


150 


0.2 


1.0 


2N2012 






1.0 


200 


150 


0.2 


1.0 


2N2013 






1.0 


300 


150 


0.2 


1.0 


2N2014- 






1.0 


400 


150 


0.2 


1.0 


2N2023 






70 


25 


150 


75 


3 


2N2024 






70 


50 


150 


75 


3 


2N2025 






70 


100 


150 


75 


3 


2N2026 






70 


150 


150 


75 


3 


2N2027 






70 


200 


150 


75 


3 


2N2028 






70 


250 


150 


75 


3 


2N2029 






70 


300 


150 


75 


3 


2N2030 






70 


400 


150 


75 


3 


2N2031 






70 


50 


125 


75 


3 


2N2044 






150 


200 


125 


80 


3 


2N2045 






150 


300 


125 


80 


3 


2N2046 






150 


400 


125 


80 


3 


2N2047 






150 


500 


125 


80 


3 


2N2074 






1 


50 


150 


0.2 


.65 


2N2260* 






200 


30 


100 


.25 


_ 


2N2261* 






200 


30 


100 


.5 




2N2262* 






200 


30 


100 


5 


- 


2N2322 






1.0 


25 


125 


.2 


.8 


2N2322A 






1.0 


25 


125 


.02 


.6 


2N2323 






1.0 


50 


125 


.2 


.8 


2N2323A 






1.0 


50 


125 


.02 


.6 


2N2324 






1.0 


100 


125 


.2 


.8 


2N2324A 






1.0 


100 


125 


.02 


.6 


2N2325 






1.0 


150 


125 


.2 


.8 


2N2325A 






1.0 


150 


125 


.02 


.6 


2N2326 






1.0 


200 


125 


.2 


.8 


2N2326A 






1.0 


200 


125 


.02 


.6 


2N2327 






1.0 


250 


125 


.2 


.8 


2N2327A 






1.0 


250 


125 


.02 


.6 


2N2328 






1.0 


300 


125 


.2 


.8 


2N2328A 






1.0 


300 


125 


.02 


.6 


2N2329 






1.0 


400 


125 


.2 


.8 


2N2329A 






1.0 


400 


125 


.02 


.6 


2N2344 






1.0 


25 


100 


.02 


.8 


2N2345 






1.0 


50 


100 


.02 


.8 


2N2346 






1.0 


100 


100 


.02 


.8 


2N2347 






1.0 


150 


100 


.02 


.8 


2N2348 






1.0 


200 


100 


.02 


.8 


2N2454 






2.5 


400 


105 


15 


3.0 


2N2502 


2N1850A 


5-17 


7 


500 


125 


75 


3.0 


2N2503 






150 


50 


125 


100 


2.5 


2N2504 






150 


100 


125 


100 


2.5 


2N2505 






150 


200 


125 


100 


2.5 


2N2506 






150 


300 


125 


100 


2.5 


2N2507 






150 


400 


125 


100 


2.5 


2N2508 






150 


500 


125 


100 


2.5 


2N2542 






230 


50 


125 


125 


3 


2N2543 






230 


100 


125 


125 


3 


2N2544 






230 


200 


125 


125 


3 


2N2545 






230 


300 


125 


125 


3 


2N2546 






230 


400 


125 


125 


3 


2N2547 






230 


500 


125 


125 


3 
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TH YRISTOR INDEX (continued) 2N2548 — 2N3 1 00 



TYPE 


nrni inr 

REPLACE- 


PAGE 


• o 


v FOM/ v ROM 


■ J 


1 

■ gt 


w 


MENT 


NIIMRFR 

niiRiDcn 


A 


V 


°C 


mA 


V 


2N2548 






230 


600 


125 


125 




2N2549 






150 


800 


1ZD 


1 95 

1ZD 


o 

j 


2N2550 






1 DU 


1 ftftft 

1UUU 


IOC 

1ZD 


1 95 
1ZD 


j 


2N2573 




5-20 


1 6 


9 ^ 

ZD 


IOC 

1ZD 


A.ft 
U 


1 5 
J . D 


2N2574 




5-20 


16 


50 


1 9 
1ZD 


H-U 


^ 5 
J . D 


2N2575 




^ 9n 

D-ZU 


1 A 

1 0 


1 ftft 

JLUU 


1ZD 


A ft 

M-U 


T C 
J . D 


2N2576 




^ 9ft 
D-ZU 


1 A 
1 D 


9 ftft 
ZUU 


10c 
1ZD 


Aft 
f U 


^ 5 
J.J 


9M9^77 
ZJN ZD / / 




c on 
D-ZU 


1 A 

lb 


300 


125 


/. ft 


3.5 


2N2578 




5-20 


16 


400 


125 


40 


3.5 


2N2579 




5-20 


16 


500 


125 


40 


3.5 


2N2619 


2N4174 


5-23 


4.7 


600 


125 


45 


2.0 


2N2653 


2N4172 


5-23 


2.5 


400 


105 


35 


3.0 


2N2679 






0.25 


30 


150 


.02 


.7 


2N2679A 






0.25 


30 


150 


0.02 


0.7 


2N2680 






0.25 


60 


150 


.02 


.7 


9N9 AftflA 

Z1N ^.QOUn 






0. 25 


60 


150 


0. 02 


0.7 


2N2681 






0. 25 


100 


150 


. 02 


# 7 








0. 25 


100 


150 


0. 02 


0.70 


9N9 fift9 






ft 9 ^ 

U . Zj 


9ftft 
ZUU 


1 c.ft 

1DU 


ft9 

. uz 


7 


9N9 Aft9A 






n 9 ^ 

U . ZD 


200 


1 c.ft 
1DU 


ft ft9 

u . uz 


ft 7ft 

u. /u 


Z.J.M Z. U O J 






0. 20 


30 


1 9 S. 
1ZD 


ft ft9 

u . uz 


0 
• 0 


9N9Aft?A 
Z1M Z O O -J.TY 






0 20 


^ft 


1 9^. 
1ZD 


ft ft9 

u . uz 


ft ftft 
U . OU 


9M9Aft/Y 
Z1N ZOO't 






ft 90 
u . zu 


Aft 
ou 


IOC 

1ZD 


ft ft9 
u . UZ 


0 
• 0 


Z1N Z D O+rV 






0 20 


ou 


1 9 ^. 
1ZD 


ft ft9 
U . UZ 


ft ftft 
U • OU 








0. 20 


100 


1 9^ 
1 ZD 


0 02 


Q 
• 0 








0. 20 


100 


19 5, 
1ZD 


0 02 


ft ftft 

u . ou 








0. 20 


200 


1 9R 
1ZD 


0. 02 


Q 


9NT9 AftAA 
Z1NZOOOA. 






ft 9ft 
u . zu 


9ftft 
ZUU 


1 9 5 
1ZD 


ft ft9 

u. uz 


ft ftft 
u . ou 


9M9Aft7 






0. 20 


^ft 

JU 


1 oc 
1ZD 


2 


1 ft 

1 . u 


9N9Aftft 

ZJN ZOO O 






n 9n 
u ■ zu 


Aft 

ou 


IOC 

1ZD 


0 
. z 


1 ft 

1 • u 


9ltf9 AftQ 
ZJN ZOO? 






on 
■ ZU 


i ftft 

JLUU 


1 9 c. 
1ZD 


0 
. z 


1 ft 


9N9 AQfi 

ZJN ZO .7U 






9ft 
. ZU 


9ftft 
ZUU 


1 95 
1ZD 


0 
• z 


1 ft 

1 . u 


9M9QQO 






1 A 
10 


9 ftft 
ZUU 


19 5 
1ZD 


/l ft 
H-U 


1 c 
1 • J 


9M9ftftQ 
Z1N Zoo .7 






1 A 
ID 


250 


125 


/• ft 
q-U 


1.5 


ZJN jUUI 






9 C 
. ZD 


oft 

JU 


1 Cft 
iDU 


. 02 


0.7 


9m ^nn 9 

ZJN jUUZ 






ft 9 ^ 
U . ZD 


Aft 
OU 


1 Cft 
IDU 


ftO 
. UZ 


ft 7 
u. / 


ZINjUUj 






ft 9 C 
U • ZD 


1 ftft 
JLUU 


1 Cft 
iDU 


ftO 

. uz 


ft 7 
u. / 


Z1N jUW 






0. 25 


200 


150 


ftO 

. uz 


ft 7 
U . / 


ZJN jUUj 






ft 9 C 
U • ZD 


"X ft 


1 Cft 
IDU 


0 
. z 


Q 

. O 


9Nf}ftftA 
ZJN jUUO 






0. 25 


60 


150 


0 
• z 


Q 

. 0 


ZJN jUU/ 






0. 25 


100 


150 


. 2 


. 8 


9M0ftftQ 
ZJN jUUO 






0. 25 


200 


150 


. 2 


. 8 


9MO.ft97 
ZJN jUZ / 






. 25 


30 


150 


. 2 


Q 
. O 


9M0ft9ft 
ZJN jUZo 






. 25 


60 


150 


. 2 


. 8 


9NT1 ftOO 

zjNJUzy 






. 25 


100 


150 


. 2 


. 8 


ZJN jUjU 






. 25 


30 


150 


. 02 


. 0 


9MOftoi 

ZIN jUjI 






. 25 


60 


150 


. 02 


. 6 


ZJN jUjZ 






. 25 


100 


150 


. 02 


. 6 


ZIN JU7I 






7ft 

/u 


Aftft 
OUU 


1 9 c 

lZD 


7ft 
/U 


9 ft 
z . u 


9M'}ftQ9 
Z1N JU7Z 






7 ft 
/U 


700 


1 9 c 
1ZD 


7ft 

/ u 


9 ft 
z . u 


2N3093 






70 


800 


125 


70 


2.0 


2N3094 






70 


900 


125 


70 


2.0 


2N3095 






70 


1000 


125 


70 


2.0 


2N3096 






70 


1100 


125 


70 


2.0 


2N3097 






70 


1200 


125 


70 


2.0 


2N3098 






70 


1300 


125 


70 


2.0 


2N3099 






70 


600 


125 


70 


2.0 


2N3100 






70 


700 


125 


70 


2.0 



1-165 



Numerical Index 



2N3101 — 2N3649 THYRISTOR INDEX (continued) 



TYPE 


pcpi Arc 


D1CC 


■0 


¥ F0M/ "ROM 


T , 
1 J 


'GT 


"gt 


MENT 


NUMBER 


A 


if 
V 


°c 


mA 


V 


2N3101 






70 


800 


125 


70 


2.0 


2N3102 






70 


900 


125 


70 


2.0 


2N3103 






70 


1000 


125 


70 


2.0 


2N3104 






70 


1100 


125 


70 


2.0 


2N3105 






70 


1200 


125 


70 


2.0 


2N3106 






70 


1300 


125 


70 


2.0 


2N3228 


2N4154 


5-23 


3.2 


200 


100 


15 


2.0 


2N3254 






0.25 


15 


150 


0.02 


0.75 


2N3255 






0.25 


30 


150 


0.02 


0.75 


2N3256 






0.25 


60 


150 


0.02 


0.75 


2N3257 






0.25 


15 


150 


0.2 


0.75 


2N3258 






0.25 


30 


150 


0.2 


0.75 


2N3259 






0.25 


60 


150 


0.2 


0.75 


2N3269 






6 


100 


150 


0.2 


0.8 


2N3270 






6 


200 


150 


0.2 


0.8 


2N3271 






6 


300 


150 


0.2 


0.8 


2N3272 






6 


400 


150 


0.2 


0.8 


2N3273 






1.7 


100 


150 


0.2 


.8 


2N3274 






1.7 


200 


150 


0.2 


0.8 


2N3275 






1.7 


300 


150 


0.2 


0.8 


2N3276 






1.7 


400 


150 


0.2 


0.8 


2N3353 






• 250 


50 


125 


200 


4.0 


2N3354 






250 


100 


125 


200 


4.0 


2N3355 






250 


200 


125 


200 


4.0 


2N3356 






250 


300 


125 


200 


4.0 


2N3357 






250 


400 


125 


200 


4.0 


2N3358 






250 


500 


125 


200 


4.0 


2N3359 






250 


600 


125 


200 


4.0 


2N3360 






250 


700 


125 


200 


4.0 


2N3361 






250 


800 


125 


200 


4.0 


2N3362 






250 


900 


125 


200 


4.0 


2N3363 






250 


1000 


125 


200 


4.0 


2N3364 






250 


1200 


126 


200 


4.0 


2N3422 






125 


600 


125 


150 


3.0 


2N3525 


2N4156 


5-23 


3.2 


400 


100 


15 


2 


2N3528 


2N4186 


5-23 


1.3 


200 


100 


15 


2 


2N3529 


2N4188 


5-23 


1.3 


400 


100 


15 


2 


2N3530 






250 


50 


125 


300 


4.0 


2N3531 






250 


100 


125 


300 


4.0 


2N3532 






250 


200 


125 


300 


4.0 


2N3533 






250 


300 


125 


300 


4.0 


2N3534 






250 


400 


125 


300 


4.0 


2N3535 






250 


500 


125 


300 


4.0 


2N3536 






250 


600 


125 


300 


4.0 


2N3537 






250 


700 


125 


300 


4.0 


2N3538 






250 


800 


125 


300 


4.0 


2N3539 






250 


900 


125 


300 


4.0 


2N3540 






250 


1000 


125 


300 


4.0 


2N3541 






250 


1200 


125 


300 


4.0 


2N3555 






1.0 


30 


150 


.020 


0.7 


2N3556 






1.0 


60 


150 


.020 


0.7 


2N3557 






1.0 


100 


150 


.020 


0.7 


2N3558 






1.0 


200 


150 


.020 


0.7 


2N3559 






1.0 


30 


150 


0.20 


0.8 


2N3560 






1.0 


60 


150 


0.20 


0.8 


2N3561 






1.0 


100 


150 


0.20 


0.8 


2N3562 






1.0 


200 


150 


0.20 


0.8 


2N3649 






16 


50 


120 


180 


3 
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THYRISTOR INDEX (continued) 2N3650 2N4144 



TYPE 


REPLACE- 


PAGE 


lo 


Vfom/Vrom 


Tj 


Igt 


Vgt 


MENT 


NUMBER 


A 


V 


°C 


mA 


V 


2N3650 






16 


100 


120 


180 


3 


2N3651 






16 


200 


120 


180 


3 


2N3652 






16 


300 


120 


180 


3 


2N3653 






16 


400 


120 


180 


3 


2N3654 






16 


50 


120 


180 


3 


2N3655 






16 


100 


120 


180 


3 


2N3656 






16 


200 


120 


180 


3 


2N3657 






16 


300 


120 


180 


3 


2N3658 






16 


400 


120 


180 


3 


2N3668 


MCR649P-3 


5-28 


8 


100 


100 


40 


2 


2N3669 


MCR649P-4 


5-28 


8 


200 


100 


40 


2 


2N3670 


MCR649P-6 


5-28 


8 


400 


100 


40 


2 


2N3753 






22 


50 


120 


100 


3 


2N3754 






22 


100 


120 


100 


3 


2N3755 






22 


200 


120 


100 


3 


2N3756 






22 


300 


120 


100 


3 


2N3757 






22 


400 


120 


100 


3 


2N3758 






22 


500 


120 


100 


3 


2N3759 






22 


600 


120 


100 


3 


2N3760 






22 


700 


120 


100 


3 


2N3761 






22 


800 


120 


100 


3 


2N3870 


MCR808-3 


5-33 


22 


100 


100 


40 


2 


2N3871 


MCR808-4 


5-33 


22 


200 


100 


40 


2 


2N3872 


MCR808-6 


5-33 


22 


400 


100 


40 


2 


2N3873 


MCR808-8 


5-33 


22 


600 


100 


40 


2 


2N3884 






175 


50 


125 


300 


4 


2N3885 






175 


100 


125 


300 


4 


2N3886 






175 


200 


125 


300 


4 


2N3887 






175 


300 


125 


300 


4 


2N3888 






175 


400 


125 


300 


4 


2N3889 






175 


500 


125 


300 


4 


2N3890 






175 


600 


125 


300 


4 


2N3891 






175 


700 


125 


300 


4 


2N3892 






175 


800 


125 


300 


4 


2N3893 






175 


900 


125 


300 


4 


2N3894 






175 


1000 


125 


300 


4 


2N3895 






175 


1200 


125 


300 


4 


2N3896 


MCR1308-3 


5-33 


22 


100 


100 


40 


2 


2N3897 


MCR1308-4 ' 


5-33 


22 


200 


100 


40 


2 


2N3898 


MCR1308-6 


5-33 


22 


400 


100 


40 


2 


2N3899 


MCR1308-8 


5-33 


22 


600 


100 


40 


2 


2N3936 






5.25 


100 


125 


60 


3.2 


2N3937 






5.25 


200 


125 


60 


3.2 


2N3938 






5.25 


300 


125 


60 


3.2 


2N3939 






5.25 


400 


125 


60 


3.2 


2N3940 






5.25 


500 


125 


60 


3.2 


2N3986 






70 


500 


125 


150 


3 


2N3987 






70 


600 


125 


150 


3 


2N3988 






70 


700 


125 


150 


3 


2N3989 






70 


800 


125 


150 


3 


2N3990 






70 


900 


125 


150 


3 


2N3991 






70 


1000 


125 


150 


3 


2N3992 






70 


1100 


125 


150 


3 


ZJN4-1U1 


OTJ /.IRQ 


5-23 


3 . 2 


600 


100 


15 


2 


2N4102 


2N4166 


5-23 


1.3 


600 


100 


15 


2 


2N4103 


MCR649P-8 


5-28 


8 


600 


100 


40 


2 


2N4144 






.250 


15 


150 


1.0 


.8 



1-167 
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2N4145 — 2N4202 THYRISTOR INDEX (continued) 



TYPE 


REPLACE- 


PAGE 


lo 


Vfom/Vrom 


Tj 


Igt 


Vgt 


MENT 


NUMBER 


A 


V 


°C 


mA 


V 


2N4145 






.250 


30 


150 


1.0 


.8 


2N4146 






.250 


60 


150 


1.0 


.8 


2N4147 






.250 


100 


150 


1.0 


.8 


2N4148 






.250 


150 


150 


1.0 


.8 


2N4149 






.250 


200 


150 


1.0 


.8 


2N4151 




5-23 


5 


25 


100 


20 


1.5 


2N4152 




5-23 


5 


50 


100 


20 


1.5 


2N4153 




5-23 


5 


100 


100 


20 


1.5 


2N4154 




5-23 


5 


200 


100 


20 


1.5 


2N4155 




5-23 


5 


300 


100 


20 


1.5 


2N4156 




5-23 


5 


400 


100 


20 


1.5 


2N4157 




5-23 


5 


500 


100 


20 


1.5 


2N4158 




5-23 


5 


600 


100 


20 


1.5 


2N4159 




5-23 


5 


25 


100 


20 


1.5 


2N4160 




5-23 


5 


50 


100 


20 


1.5 


2N4161 




5-23 


5 


100 


100 


20 


1.5 


2N4162 




5-23 


5 


200 


100 


20 


1.5 


2N4163 




5-23 


5 


300 


100 


20 


1.5 


2N4164 




5-23 


5 


400 


100 


20 


1.5 


2N4165 




5-23 


5 


500 


100 


20 


1.5 


2N4166 




5-23 


5 


600 


100 


20 


1.5 


2N4167 




5-23 


5 


25 


100 


20 


1.5 


2N4168 




5-23 


5 


50 


100 


20 


1.5 


2N4169 




5-23 


5 


100 


100 


20 


1.5 


2N4170 




5-23 


5 


200 


100 


20 


1.5 


2N4171 




5-23 


5 


300 


100 


20 


1.5 


2N4172 




5-23 


5 


400 


100 


20 


1.5 


2N4173 




5-23 


5 


500 


100 


20 


1.5 


2N4174 




5-23 


5 


600 


100 


20 


1.5 


2N4175 




5-23 


5 


25 


100 


20 


1.5 


2N4176 




5-23 


5 


50 


100 


20 


1.5 


2N4177 




5-23 


5 


100 


100 


20 


1.5 


2N4178 




5-23 


5 


200 


100 


20 


1.5 


2N4179 




5-23 


5 


300 


100 


20 


1.5 


2N4180 




5-23 


5 


400 


100 


20 


1.5 


2N4181 




5-23 


5 


500 


100 


20 


1.5 


2N4182 




5-23 


5 


600 


100 


20 


1.5 


2N4183 




5-23 


5 


25 


100 


20 


1.5 


2N4184 




5-23 


5 


50 


100 


20 


1.5 


2N4185 




5-23 


5 


100 


100 


20 


1.5 


2N4186 




5.-23 


5 


200 


100 


20 


1.5 


2N4187 




5-23 


5 


300 


100 


20 


1.5 


2N4188 




5-23 


5 


400 


100 


20 


1.5 


2N4189 




5-23 


5 


500 - 


100 


20 


1.5 


2N4190 




5-23 


5 


600 


100 


20 


1.5 


2N4191 




5-23 


5 


25 


100 


20 


1.5 


2N4192 




5-23 


5 


50 


100 


20 


1.5 


2N4193 




5-23 


5 


100 


100 


20 


1.5 


2N4194 




5-23 


5 


200 


100 


20 


1.5 


2N4195 




5-23 


5 


300 


100 


20 


1.5 


2N4196 




5-23 


5 


400 


100 


20 


1.5 


2N4197 




5-23 


5 


500 


100 


20 


1.5 


2N4198 




5-23 


5 


600 


100 


20 


1.5 


2N4199 




5-26 


100* 


300 


105 


50 


1.5 


2N4200 




5-26 


100* 


400 


105 


50 


1.5 


2N4201 




5-26 


100* 


500 


105 


50 


1.5 


2N4202 




5-26 


100* 


600 


105 


50 


1.5 
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THYRISTOR INDEX (continued) 2N4203 — 3N86 



TYPE 


REPLACE- 


PAGE 


lo 


1/ /If 
V FOM/ V ROM 


Tj 


Igt 


Vgt 


MENT 




A 


V 


°C 


mA 


V 


2N4203 




5-26 


100* 


700 


105 


50 


1.5 


2N4204 




5-26 


100* 


800 


105 


50 


1.5 


3N58 






.064 


40 


150 


.001 


.65 


3N59 






.064 


40 


150 


.001 


.65 


3N60 






.064 


40 


150 


.001 


.65 


3N80 






.127 


40 


150 


.001 


.65 


3N81 






.127 


65 


150 


.001 


.65 


3N82 






.127 


100 


150 


.001 


.65 


3N83 






.032 


70 


125 


.15 


.80 


3N84 






.111 


40 


125 


.01 


.65 


3N85 






.111 


100 


125 


.01 


.65 


3N86 






.127 


65 


150 


.001 


.65 
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FIELD-EFFECT TRANSISTORS 



This table contains a numerical listing and short-form specifications for field- 
effect transistors with ElA-registered 2N and 3N numbers. 



KEY 



TYPE 



PAGE 
NUMBER 



Min 
mA 



Max 
mA 



IGSS^ 
I DGO * 



nA 



Breakdown 
Voltage 



V(br) Sub- 
Volts script 



Min Max 
/xmhos jumhos 



NF @ f 
dB 
^V- 



NOTE 



Numerical Listing 
of Registered 
Type Numbers 



Minimum and 
Maximum 
Drain Current 
with gate 
connected 
to source 



N = n-channel 
P = p-channel 



Page in this book on which the device 
is fully characterized 



Maximum Gate Current 
(leakage) with drain 
connected to source 
*Maximum leakage 
from drain to gate with 
source open 



Noise Figure in dB or * 
/xV / VHz at a specified 
frequency 

frequency units: 
H = Hz 
K = kHz 
M — MHz 



Maximum Input Capacitance 



Minimum and Maximum Forward Transadmittance 



Minimum Breakdown Voltage (Subscript defines conditions) 

GS = Gate to source, drain connection not specified DGO — Drain to gate, source open 

GSS = Gate to source, drain connected to source DGS = Drain to gate, source connected to drain 

GD = Gate to drain, source connection not specified DS = Drain to source, gate connection not specified 

GDS = Gate to drain, source connected to drain DSX = Drain to source, gate biased to cutoff or beyond 
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FIELD-EFFECT TRANSISTORS INDEX 



2N2386 — 2N3385 













Idgo* 


Breakdown 








NF ( 






TYPE 




PAGE 


■dss 


Voltage 


Yfs 


p. 


dB 




NOTE 


3 

o 
a. 


NUMBER 


Min 
— m ^ 


Max 
mA 


nA 


V(BR) 

Unite 
VOIIS 


Sub- 
script 


Min 
yutnhos 


Max 

/LtfTlhOS 


pF 


^tV* 
VRz 


Units 


2N2386 


P 








10 


20 


GS 


1000 




50 








2N2497 


P 




1 . 0 


5.0 


10 


20 


GD 


1000 


2000 


32 


3 . 0 


1 K 




2N2498 


P 




2.0 


6.0 


10 


20 


GD 


1500 


3000 


32 


3 . 0 


1 K 




2N2499 


P 




5.0 


15 


10 


20 


GD 


2000 


4000 


32 


4.0 


1 K 




2N2500 


p 




1.0 


6.0 


10 


20 


GS 


1000 


2000 


32 


1 . 0 


1 K 




2N2606 


p 




.1 


.5 


1 


30 


GDS 


110 




c. 
0 


3 


1 K 




2N2607 


p 




.3 


1.5 


3 


30 


GDS 


330 




10 


3 


1 K 




2N2608 


p 




.9 


4.5 


10 


30 


GDS 


1000 




1 1 


3 


1 K 




2N2609 


p 




2.0 


10 


30 


30 


GDS 


2500 




30 


3 


1 K 




2N2841 


p 




.025 


.125 


1 . 0 






60 




0 


3 


1 K 




2N2842 


p 




.065 


.325 


3 






180 




±u 




1 K 




2N2843 


P 




.2 


1.0 


10 






540 




1 7 


3 


1 K 




2N2844 


p 




1 . 0 


2.2 


30 






1400 




30 


3 


1 K 




2N3066 


N 




.8 


4.0 


1.0 


50 


DGO 


400 


1000 


10 


3 


1 K 




2N3066A 


N 




. 8 


4 . 0 


1 . 0 


50 


DGO 


400 


1000 


10 


. 25 


1 K 




2N3067 


N 




. 2 


1 . 0 


1.0 


50 


DGO 


400 




18 


3 


1 K 




2N3067A 


N 




. 2 


1 .0 


1 . 0 


50 


DGO 


300 


1000 


10 


. 25 


1 K 




2N3068 


N 




. 05 


0.25 


1.0 


50 


DGO 


200 




18 


3 


1 K 




2N3068A 


N 




. 05 


0. 25 


1.0 


50 


DGO 


200 


1000 


10 


. 25 


1 K 




2N3069 


N 




2 . 0 


10 


1.0 


50 


DGO 


1000 




15 


3 


1 K 




2N3069A 


N 




2 . 0 


10 


1 . 0 


50 


DGO 


1000 


2500 


15 


. 25 


1 K 




2N3070 


N 




. 5 


2.5 


1.0 


50 


DGO 


750 




15 


3 


1 K 




2N3070A 


N 




0.5 


2.5 


1.0 


50 


DGO 


750 


2500 


15 


. 25 


1 K 




2N3071 


N 




0.1 


. 6 


1.0 


50 


DGO 


500 


2500 


15 


3 


1 K 




2N3084 


N 




. 8 


3 


. 1 


15 


DGO 


400 


2000 


14 








2N3085 


N 




0. 8 


3.0 


0.1 


15 


DGO 


400 


2000 


14 








2N3086 


N 




0.8 


3.0 


1 . 0 


30 


DGS 


400 


2000 


14 








2N3087 


N 




0.8 


3.0 


1 . 0 


30 


DGS 


400 


2000 


14 








2N3088 


N 




0.5 


2.0 


1.0 


10 


DGS 


300 


2000 


14 


3 






2N3088A 


N 




0.5 


2.0 


1.0 


10 


DGS 


300 


2000 


14 


. 5 


10H 




2N3089 


N 




0.5 


2.0 


1 .0 


10 


DGS 


300 


2000 


14 


3 






2N3089A 


N 




0.5 


2.0 


1.0 


10 


DGS 


300 


2000 


14 


9 5 


10H 




2N3112 


p 




.035 


0.175 


. 05 


20 


GDS 


50 


115 


3 . 5 








2N3113 


p 




. 035 


0. 175 


. 05 


20 


GDS 


50 


115 


2 








2N3277 


p 




. 15 


0.5 


0.4 


25 


DGO 


100 




3 








2N3278 


p 




0.4 


0.9 


0.4 


25 


DGO 


150 




3 








2N3328 


p 




1.0 




1 . 0 


20 


GSS 


100 




3 


3 






2N3329 


p 




1.0 


3.0 


10 


20 


GSS 


1000 


2000 


20 


3 






2N3330 


p 




2.0 


6.0 


10 


20 


GSS 


1500 


3000 


20 


3 






2N3331 


p 




5.0 


15 


10 


20 


GSS 


2000 


4000 










2N3332 


p 




1.0 


6.0 


10 


20 


GSS 


1000 


2200 


on 


1 






2N3333 


p 




0.3 


1.0 


10 


20 


GSS 


600 


1800 


on 
o\J 






ua 


2N3334 


p 




0.3 


1.0 


10 


20 


GSS 


600 


1800 


^n 








2N3335 


p 




0.3 


1.0 


10 


20 


GSS 


600 


1800 


30 






u — 


2N3336 


p 




0.3 


1.0 


10 


20 


GSS 


600 


1800 


30 






u 


2N3365 


N 




0.8 


4.0 


5 


40 


DGO 


250 


1000 


15 








2N3366 


N 




0. 2 


1.0 


5 


40 


DGO 


250 


1000 


15 








2N3377 


N 




.005 


.25 


5 


40 


DGO 


100 


1000 


15 








2N3368 


N 




2. 0 


12 


5 


40 


DGO 


1000 


4000 


20 








2N3369 


N 




0.5 


2.5 


5 


40 


DGO 


600 


2500 


20 








2N3370 


N 




0.1 


0. 6 


5 


40 


DGO 


300 


2500 


20 








2N3376 


p 




0.6 


6.0 


3 


30 


DGS 


800 




5 








2N3377 


p 




0.6 


6.0 


3 


30 


DGS 


800 


2300 


4 








2N3378 


P 




3.0 


6.0 


3 


30 


DGS 


1500 


2300 


5 








2N3379 


P 




3.0 


6.0 


3 


30 


DGS 


1500 


2300 


4 








2N3380 


P 




3.0 


20 


3 


30 


DGS 


1500 


3000 


4 








2N3381 


P 




3.0 


20 


3 


30 


DGS 


1500 


3000 


4 








2N3382 


P 




3.0 


30 


15 


30 


DGS 


4500 


12500 










2N3383 


P 




3.0 


30 


15 


30 


DGS 


4500 


12500 










2N3384 


P 




15 


30 


15 


30 


DGS 


7500 


12500 










2N3385 


P 




15 


30 


15 


30 


DGS 


7500 


12500 
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FIELD-EFFECT TRANSISTORS INDEX (continued) 















Breakdown 








NF ( 


n) f 




TYPE 




PAGE 




ss 


Igss 
Idgo* 


Voltage 


Tfs 


Cis 


dB 


l 


NOTE 


3 
0 


NUMBER 


Min 
Mill 


Max 




V(BR) 


Sub- 


Min 


Max 


fxV* 


Is 

1 c 






a. 




mA 


mA 


nA 


voits 


script 


/zmhos 


//mhos 


dF 


\/Rz 


1 3 
l J 




ZJN JJOD 


p 




10 


jU 


15 


30 


DGS 


7500 


12500 










2N3387 


p 




1 

1j 


jU 


15 


30 


DGS 


5000 


10000 










£.1N JHJU 


N 




J 


1 J 


ft t; 
U.j 


50 


DGO 


2500 


10000 


18 


2 






2N3437 


N 




0.8 


4.0 


ft ^. 

U. J 


50 


DGO 


1500 


6000 


18 


2 






J4JO 


N 




0.2 


1 n 
1 ■ u 


ft K 
U. J 


50 


DGO 


800 


4500 


18 


2 






2N3452 


N 




0.8 


A ft 
4- • u 


0.1 


50 


DGO 


200 


1200 


6 


2 






2N3453 


N 




0.2 


1.0 


0. 1 


50 


DGO 


150 


900 


6 


2 






ZJN J4- j*4- 


N 




. 05 


0. 25 


0.1 


50 


DGO 


100 


600 


6 


2 






2N3455 


N 




0.8 


4 . 0 


. 04 


50 


DGO 


400 


1200 


5 


4 






ZJN J^-JD 


N 




0.2 


1.0 


.04 


50 


DGO 


300 


900 


5 


4 






ZJN J^-j / 


N 




.05 


0.25 


. 04 


50 


DGO 


150 


600 


5 


4 






9M^A ^R 
ZJN Jf JO 


N 




3.0 


15 


. 25 


50 


DGO 


2500 


10000 


18 


6 






2N3459 


N 




0.8 


A ft 
^ . U 


. 25 


50 


DGO 


1500 


6000 


18 


4 






9W}A.£ft 
Z1N JtOU 


N 




0.2 


1.0 


. 25 


50 


DGO 


800 


4500 


18 


4 






ZJN J'+O J 


N 




1 . u 


5.0 


1 


40 


DGO 


400 


1200 


15 


5 






ZJN JtDO 


N 




1 n 


J . u 


1 
j. 


40 


DGO 


400 


1200 


15 


5 






2N3573 


p 




ft9 

. uz 


ft 1 
u. 1 


ft a 
u. 0 


25 


GSS 


100 


300 


6 


3 






2N3574 


if 




. U / J 


"37 
. J / j 


r» a 
u. 0 


25 


GSS 


200 


600 


6 


3 






2N3575 


p 




ft o 
u . z 


1 ft 
1 • u 


ft a 

U . O 


25 


GSS 


300 


900 


6 


3 






2N3578 


p 




U. 7 


A c: 

Hr . J 


1 J 


20 


GSS 


1200 


3500 


65 








2N3631 


N 




9 n 
z . u 


1 ft 
1U 




20 


DSX 


1400 


2800 


7.5 








£.1NjOO'+ 


N 




9 ^ 

Z.D 


7 c; 

/ a J 


ft 1 

u. 1 


50 


GS 


2000 


3000 


4 


0.5 






ZJN J Do J 


N 




1 n 
1 . u 


3.0 


0.1 


50 


GS 


1500 


2500 


4 


0.5 






ZJN JOOD 


N 




U .H- 


1.2 


0. 1 


50 


GS 


1000 


2000 


4 


0.5 






ZJNJOo/ 


N 




0.1 


0.5 


0.1 


50 


GS 


500 


1500 


4 


. 15* 








P 




1 . 25 


3.75 


0.1 


30 


GS 


1000 


1750 


5 


. 2* 






J070 


p 




u . D 


1 . J 


ft i 


30 


GS 


750 


1250 


5 


. 2* 






2N3697 


p 




ft 9 
u. z 


ft A 
U. O 


ft 1 


30 


GS 


500 


1000 


5 


.2* 






£QR 
ZJN J070 


P 




• U J 


0. 25 


0.1 


30 


GS 


250 


750 


5 


. 2* 






2N3796 


N 


1 ft a 


ft 

U.J 


ft 

J . u 


. 001 


25 


DSX 


900 


1800 


6 


4 






2N3797 


N 


10-4 


9 n 
z . u 


A ft 

0 . u 


ftfti 

. UUl 


20 


DSX 


1500 


3000 


8 


4 






2N3819 


N 




2 


9ft 
ZU 


9 
z 


25 


GSS 


2000 


6500 


8 










p 




0. 3 


1 J 


9ft 
ZU 


20 


GSS 


800 


5000 


32 








2N3821 


N 


10-8 


U . J 


9 c: 
Z.J 


ft 1 


50 


GSS 


1500 


4500 


(L 

0 




5 


10 H 




2N3822 


N 


10-8 


2.0 


10 


ft 1 
U • 1 


50 


GSS 


3000 


6500 


6 


5 


10 H 




2N3823 


N 




4.0 


20 


ft 5 
U.J 


30 


DGS 


3500 


6500 


6 


2.5 


100IM 




9M^R9A. 

ZlNJOZtf 


N 


10-8 






0.1 


50 


GSS 






6 








9M^«Q9 
^.IN JOOi 


p 




9 ^ 

. Z J 




ft 1 
U • JL 


30 


DS 


1000 


2400 


A 
M- 


3 






/.in jyyjy 


p 




ft 


1 j 


1 ft 
1U 


20 


DGS 


1000 


5000 


32 








2N3921 


N 




l ft 
1 . u 


i ft 

1U 


ft 9 ^ 
U. Zj 


50 


GSS 


1500 


7500 


18 


2 . 


1 K 


Dual 


2N3922 


N 




1 . u 


i ft 


0. 25 


50 


GSS 


1500 


7500 


18 


2 


1 K 


Dual 


2N3934 






9 ^ 

• Z J 


1 • j 


0.1 


50 


GSS 


300 


900 


7 


2 


100 H 


Dual 


2N3935 


N 




9 

• Z j 


1 . j 


ft 1 
u . 1 


50 


GSS 


300 


900 


7 


2 


100 R 


Dual 


2N3954 


N 




ft 

U.J 


ft 

J * U 


ft 1 

u . 1 


50 


GSS 


1000 




4 


0.5 


100 H 


Dual 


2N3955 


N 




ft 

U.J 


5.0 


0.1 


50 


GSS 


1000 




4 


0.5 


100 H 


Dual 


ZJN J 7J O 


N 




0. 5 


5.0 


0.1 


50 


GSS 


1000 




4 


0.5 


100 H 


Dual 


2N3957 


N 




ft k 

U.J 


ft 

J • U 


ft i 
u . 1 


50 


GSS 


1000 




4 


0.5 


100 H 


Dual 


2N3958 


N 




ft K 
U.J 


K ft 

J . u 


ft 1 
u . 1 


50 


GSS 


1000 




4 


0.5 


100 H 


Dual 


9W* Q AA 
ZJN J? DO 


N 




2 




0.1 


30 


DGS 






6 








ZJN J i/D / 


N 




2.5 


10 


0.1 


30 


DGS 


1600 


2400 


5 








9Kf*Q Aft 
ZJN J700 


N 




1.0 


5.0 


0.1 


30 


DGS 


1400 


2000 


5 








2N3969 


N 




r» a 


2.0 


0.1 


30 


DGS 


950 


1450 


5 








9Ttf"}Q7ft 
Z1N J7/U 


N 




50 


150 


. 25* 


40 


DGS 






25 








2N3971 


N 




25 


75 


.25* 


40 


DGS 






25 








2N3972 


N 




5 


30 


.25* 


40 


DGS 






25 








2N3993 


P 




10 




1.2* 


25 


GSS 


6000 


12000 


16 








2N3994 


P 




2.0 




1.2* 


25 


GSS 


4000 


10000 


16 








2N4082 


N 




.25 


1.3 


0.1 


50 




300 




7 






Dual 


2N4083 


N 




.25 


1.3 


0.1 


50 




300 




7 






Dual 


2N4084 


N 




1.0 


10 


.25 


50 




1500 




18 






Dual 


2N4085 


N 




1.0 


10 


.25 


50 




1500 




18 






Dual 
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FIELD-EFFECT TRANSISTORS INDEX (continued) 















Breakdown 








NF ( 


? f , 




TYPE 




PAGE 


■dss 


GSS 

Idgo * 


Voltage 


J is 


Cl. 


dB 




NOTE 


Zj 
o 


NUMBER 


Min 
mA 


Max 
mA 


nA 


V(BR) 

Volts 


Sub- 
script 


Min 

Atmhos 


Max 

Aimhos 


PF 




• « 

• B 
'Z> 


2N4091 


N 




30 




.2* 


40 


DGO 






16 








2N4092 


N 




15 




.2* 


40 


DGO 






16 








2N4093 


N 




8 




. 2* 


40 


DGO 






16 








2N4117 


N 




.03 


.09 


.01 


40 


GSS 


70 


210 


3 








2N4118 


N 




.08 


.24 


.01 


40 


GSS 


80 


250 


3 








2N4119 


N 




0.2 


0.6 


.01 


40 


GSS 


100 


330 


3 








2N4220 


N 


10-9 


0.5 


3.0 


0.1 


30 


GSS 


1000 


4000 


6 








2N4221 


N 


10-9 


2.0 


6.0 


0.1 


30 


GSS 


2000 


5000 


6 








2N4222 


N 


10-9 


5.0 


15 


0.1 


30 


GSS 


2500 


6000 


6 








2N4223 


N 


10-12 


3 


18 


.25 


30 


GSS 


3000 


7000 


6 


5 


200M 




2N4224 


N 


10-12 


2 


20 


0.5 


30 


GSS 


2000 


7500 


6 








2N4351 


N 


10-15 




.01 


.01 


25 


DSS 


1000 




5.5 








2N4352 


P 


10-19 




.005 


.01 


25 


DSS 


1000 




6.5 








3N89 


P 




0.5 


2.5 


5.0 


30 




450 


1300 


3 








3N96 


P 




0.5 


2.5 


5.0 


30 




450 


1300 


4 






Dual 


3N97 


P 




0.5 


2.5 


5.0 


30 




450 


1300 


4 






Dual 


3N98 


N 




3.5 


7.7 


.05 


32 




1000 


3000 


7 








3N99 


N 




5.0 


10.5 


.05 


32 




1000 


4500 


7 








3N124 


N 


10-23 


0.2 


2.0 


.25 


50 


GSS 


500 


2000 


14 


4 


IK 




3N125 


N 


10-23 


1.5 


4.5 


.25 


50 


GSS 


800 


2400 


14 


4 


IK 




3N126 


N 


10-23 


3.0 


9.0 


.25 


50 


GSS 


1200 


3600 


14 


4 


IK 
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REFERENCE AMPLIFIERS 



This table contains a numerical listing and short-form specifications for 
reference amplifiers with EIA-registered 3N numbers. In addition, short form 
specifications are also provided for special house numbered reference ampli- 
fiers. 



KEY 





TYPE 


PAGE 
NUMBER 


Vref 
(volts) 


Tol 

±% 


AVref 
(volts) 

*TC 
(%/°C) 


1 ZT 

(mA) 


Zzt 
(ohms) 


Ti 
°C 


T 2 
°C 






Nominal 
Reference 
Voltage 


Tolerance 
of Nominal 
Reference 
Voltage 








Temperature Range over 
which AVref is specified 

"Maximum Operating 
Temperature 


Numerical Listing 
of Registered 
Type Numbers 


Page in this book on which the 
device is fully characterized 


Maximum Voltage Variation over the Temperature Range from T, to T 2 

/ AV, 100 \ 
::: Temperature Coefficient [y~^f ) 


Maximum Zener Impedance 


Zener Test Current 
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REFERENCE AMPLIFIER INDEX 3N39— MCA2234 











A Vref 










TYPE 


PAGE 


Vref 


Tol 


(volts) 


IZT 


Zzr 


Ti 


T 2 


NUMBER 


(volts) 


±% 


*TC 
(%/°C) 


(mA) 


(ohms) 


°C 


°C 


3N39 




9.0 


9 


.005* 


5 






71* 


3N40 




9.0 


9 


.003* 


5 






71* 


3N41 




9.0 


9 


.002* 


5 






71* 


3N42 




9.0 


9 


.005* 


5 






100* 


3N43 




9.0 


9 


.003* 


5 






100* 


3N44 




9.0 


9 


.002* 


5 






100* 


3N44A 




9.0 


10 


.001* 


5 






150* 


MCA1911 


2-39 


6.8 


10 


.051 


5 


40 


0 


75 


MCA1912 


2-39 


6.8 


10 


.025 


5 


40 


0 


75 


MCA1913 


2-39 


6.8 


10 


.010 


5 


40 


0 


75 


MCA1914 


2-39 


6.8 


10 


.005 


5 


40 


0 


75 


MCA1921 


2-39 


6.8 


5 


.105 


5 


40 


-55 


100 


MCA1922 


2-39 


6.8 


5 


.052 


5 


40 


-55 


100 


MCA1923 


2-39 


6.8 


5 


.020 


5 


40 


-55 


100 


MCA1924 


2-39 


6.8 


5 


.010 


5 


40 


-55 


100 


MCA1931 


2-39 


6.8 


5 


.139 


5 


40 


-55 


150 


MCA1932 


2-39 


6.8 


5 


.069 


5 


40 


-55 


150 


MCA1933 


2-39 


6.8 


5 


.026 


5 


40 


-55 


150 


MCA1934 


2-39 


6.8 


5 


.013 


5 


40 


-55 


150 


MCA2011 


2-39 


8.6 


10 


.060 


5 


40 


0 


75 


MCA2012 


2-39 


8.6 


10 


.030 


5 


40 


0 


75 


MCA2013 


2-39 


8.6 


10 


.012 


5 


40 


0 


75 


MCA2014 


2-39 


8.6 


10 


.006 


5 


40 


0 


75 


MCA2021 


2-39 


8.6 


5 


.124 


5 


40 


-55 


100 


MCA2022 


2-39 


8.6 


5 


.062 


5 


40 


-55 


100 


MCA2023 


2-39 


8.6 


5 


.024 


5 


40 


-55 


100 


MCA2024 


2-39 


8.6 


5 


.012 


5 


40 


-55 


100 


MCA2031 


2-39 


8.6 


5 


.164 


5 


40 


-55 


150 


MCA2032 


2-39 


8.6 


5 


.082 


5 


40 


-55 


150 


MCA2033 


2-39 


8.6 


5 


.032 


5 


40 


-55 


150 


MCA2034 


2-39 


8.6 


5 


.016 


5 


40 


-55 


150 


MCA2111 


2-39 


9.5 


10 


.071 


5 


40 


0 


75 


MCA2112 


2-39 


9.5 


10 


.035 


5 


40 


0 


75 


MCA2113 


2-39 


9.5 


10 


.014 


5 


40 


0 


75 


MCA2114 


2-39 


9.5 


10 


.007 


5 


40 


0 


75 


MCA2121 


2-39 


9.5 


5 


.147 


5 


40 


-55 


100 


MCA2122 


2-39 


9.5 


5 


.073 


5 


40 


-55 


100 


MCA2123 


2-39 


9.5 


5 


.028 


5 


40 


-55 


100 


MCA2124 


2-39 


9.5 


5 


.014 


5 


40 


-55 


100 


MCA2131 


2-39 


9.5 


5 


.194 


5 


40 


-55 


150 


MCA2132 


2-39 


9.5 


5 


.097 


5 


40 


-55 


150 


MCA2133 


2-39 


9.5 


5 


.038 


5 


40 


-55 


150 


MCA2134 


2-39 


9.5 


5 


.019 


5 


40 


-55 


150 


MCA2211 


2-39 


11.0 


10 


. 082 


5 


40 


0 


75 


MCA2212 


2-39 


11.0 


10 


.041 


5 


40 


0 


75 


MCA2213 


2-39 


11.0 


10 


.016 


5 


40 


0 


75 


MCA2214 


2-39 


11.0 


10 


.008 


5 


40 


0 


75 


MCA2221 


2-39 


11.0 


5 


.170 


5 


40 


-55 


100 


MCA2222 


2-39 


11. 0 


5 


.085 


5 


40 


-55 


100 


MCA2223 


2-39 


11.0 


5 


.034 


5 


40 


-55 


100 


MCA2224 


2-39 


11.0 


5 


.017 


5 


40 


-55 


100 


MCA2231 


2-39 


11.0 


5 


.225 


5 


40 


-55 


150 


MCA2232 


2-39 


11.0 


5 


.112 


5 


40 


-55 


150 


MCA2233 


2-39 


11. a 


5 


.044 


5 


40 


-55 


150 


MCA2234 


2-39 


11.0 


5 


.022 


5 


40 


-55 


150 
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UNIJUNCTION TRANSISTORS 

This table contains a numerical listing and short-form specifications for unijunction 
transistors with El A- registered 2N numbers. 



KEY 



P D = Power Dissipation @ 25°C 

Rbb = Interbase Resistance 

v = Intrinsic Standoff Ratio 

Iviminj = Minimum Valley Current 

l P(max) = Maximum Peak Point Current 

I EO = Maximum Emitter Reverse Current at Indicated V EB2 

Veisat) = Emitter Saturation Voltage @ l E = .50 mA, V BB = 10 V 
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UNIJUNCTION TRANSISTORS INDEX 



TYPE 


REPLACE- 


PAGE 


P D 








l v (min) 


Ip(max) 


Ieo@V eb2 


VE(SAT) 


MENT 


NUMBER 


(mW) 


(k£2) 






(mA) 


(mA) 


(mA @ V max) 


(V@50 mA) 


2N489 






450 


6.8 


0. 62 




8.0 


20 


12 @ 60 


5 . 0 


2N489A 






450 


6.8 


0. 62 




8.0 


15 


12 @ 60 


4.0 








450 


6.8 


0 62 




8 . 0 


6 . 0 


n ? ra &c\ 

\J , Z. ^ OVJ 


4 . 0 


2N490 






450 


9 . L 


0. 62 




8.0 


20 


12 @ 60 


5 . 0 








450 


9 . 1 


0 . 62 




8. 0 


]_5 


12 (9 60 


4 . 0 


2N490B 






450 


9 . L 


0. 62 




8. 0 


6 . 0 




4 . 0 








450 


9 . L 


0.51 












2N491 






450 


6.8 


0 . 68 




8. 0 


20 


12 @ 60 


5 . 0 


2N491A 






450 


6.8 


0. 68 




8.0 


15 


12 @ 60 


4.3 


2N491B 






450 


6.8 


0. 68 




8.0 


6.0 


n 2 o fin 


4.3 


2N492 






450 


9 . L 


0. 68 




8.0 


20 


12 @ 60 


5 . 0 


2N492A 






450 


9. L 


0. 68 




8.0 




12 @ 60 


4.3 


2N492B 






450 


9. L 


0. 68 




8.0 


6.0 


0.2 @ 60 


4.3 


2N492C 






450 


9. L 


0.56 












2N493 






450 


6.8 


0. 75 




8.0 


20 


12 @ 60 


5 . 0 


2N493A 






450 


6.8 


0.75 




8.0 


15 






2N493B 






450 


6.8 


0.75 




8.0 


6.0 


0.2 @ 60 


5.0 


2N494 






450 


9.L 


0.75 




8.0 


20 


12 @ 60 


5.0 


2N494A 






450 


9.1 


0.75 




8.0 


15 


12 @ 60 


4.6 


2N494B 






450 


9.L 


0.75 




8.0 


6.0 


0.2 @ 60 


4.6 


2N494C 






450 


9.1 


0. 62 




8.0 


2.0 


0.02 @ 60 


4.6 


2N1671 






450 


9.1 


0. 62 




8.0 


25 


12 @ 30 


5 . 0 


2N1671A 






450 


9.1 


0. 62 




8.0 


25 


12 @ 30 


5.0 


2N1671B 






450 


9 . 1 


0. 62 




8.0 


6.0 


0.2 @ 30 


5.0 


2N1671C 






450 


4.1 -9.1 














2N2160 






450 


4.0 -12 


0.47 


-0.80 


8.0 


25 


12 @ 30 




2N2417 






390 


0.68 


0.62 




8.0 


20 


12 @ 60 


5.0 


2N2417A 






390 


0. 68 


0. 62 




8.0 


20 


12 @ 60 


4.0 


2N2417B 






300 


6.8 


0.51 


-0.62 


8.0 


6.0 


0.2 (? 30 


4.0 


2N2418 






390 


0.68 


0.62 




8.0 


20 


12 @ 60 


5.0 


2N 24 1 8A 






390 


9.1 


0. 62 




8.0 


20 


12 (a 60 


4.0 


2N24L8B 






300 


9.1 


0.51 


-0. 62 


8.0 


6.0 


0.2 @ 60 


4.0 


2N2419 






390 


4.7 -6.8 


0.68 




8.0 


20 


12 @ 60 


5.0 


9N9A1 QA 






390 


6. 8 


0. 68 




8 0 


20 


12 (a 60 


4 . 3 


2N2419B 






300 


6.8 


0.56 


-0.68 


8.0 


6.0 


0.2 @ 30 


4.3 


2N2420 






390 


9.1 


0. 68 




8.0 


20 


12 @ 60 


5.0 


2N2420A 






390 


9.1 


0.68 




8.0 


20 


12 @ 60 


4.3 


2N2420B 






300 


9.1 


0.56 


-0.68 


8.0 


6.0 


0.2 @ 30 


4.3 


2N2421 






390 


6.8 


0.75 




8.0 


20 


12 @ 60 


5.0 


2N2421A 






390 


6.8 


0.75 




8.0 


20 


12 @ 60 


4.6 


2N2421B 






300 


6.8 


4.7 


-6.8 


8.0 


6.0 


0.2 @ 30 


4.6 
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2N2422 — 2N3980 UNIJUNCTION TRANSISTORS INDEX (continued) 



TYPE 


DCDI APE 

KtrUtlft- 


DACC 

rAbt 


P D 


K BB 


V 


1 /mint 


Ip(max) 


'EO ® V EB2 


»E(8AT) 




MENT 


NUMBER 


(mW) 


(ko) 




(mA) 


(AtA) 


(/iA @ V max) 


(V®90mA) 


2N2422 






390 


9.1 


0.75 


8.0 


20 


12 @ 60 


5.0 


2N2422A 






390 


9.1 


0.75 


8.0 


20 


12 @ 60 


4.6 


2N2422B 






300 


9.1 


0.62 -0.75 


8.0 


6.0 


0.2 @ 30 




2N2646 






300 


4.7 


0.56 


4.0 


25 


12 @ 30 


2.0 


2N2647 






300 


4.7 


0.68 


8.0 


2.0 


0.2 @ 30 


2.0 


2N2840 






300 


4.7 -9.1 


1.3 -1.5 


0.70 


10 


1 @ 30 




2N3406 






450 






8.0 








2N3479 






400 


4.7 -9.1 


0.47 -0.62 


6.0 


20 


12 @ 30 


5.0 


2N3480 






400 


9.1 


0.75 


4.0 


15 


12 @ 30 


5.0 


2N3481 






400 


9.1 


0.85 


6.0 


15 


12 (§ 30 


5.0 


2N3482 






400 


4.7 -6.8 


0.51 -0.62 


8.0 


2.0 


0.02 @ 30 


5.0 


2N3483 






400 


9.1 


6.72 


8.0 


2.0 


1 <a 30 


5.0 


2N3484 






400 


9.1 


0.85 


8.0 


2.0 


0.2 @ 30 


5.0 


2N3679 






250 


9.1 


0.80 


4.2 








2N3980 






360 


8.0 
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ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS 

This table lists non-registered device types characterized in this manual 
in alphabetical sequence. 



Type No. 


Page 


Type No. 


Page 


Type No. 


Page 


1/4M2.4AZ 


2-8 


1/4M47Z 


2-8 


MA882 


7-50 


1/4M2.7AZ 


2-8 


1/4M50Z 


2-8 


MA883 


7-50 


1/4M3.0AZ 


2-8 


1/4M52Z 


2-8 


MA884 


7-50 


1/4M3.3AZ 


2-8 


1/4M56Z 


2-8 


MA885 


7-50 


1/4M3. 6AZ 


2-8 


1/4M62Z 


2-8 


MA886 


7-50 


1/4M3.9AZ 


2-8 


1/4M68Z 


2-8 


MA887 


7-50 


1/4M4.3AZ 


2-8 


1/4M75Z 


2-8 


MA888 


7-50 


1/4M4.7AZ 


2-8 


1/4M82Z 


2-8 


MA889 


7-50 


1/4M5. 1AZ 


2-8 


1/4M91Z 


2-8 


MA909 


7-52 


1/4M5.6AZ 


2-8 


1/4M100Z 


2-8 


MA910 


7-52 


1/4M6.2AZ 


2-8 


1/4M105Z 


2-8 


MA1702 


7-53 


1/4M6. 8Z 


2-8 


1/4M110Z 


2-8 


MA 1703 


7-53 


1/4M7. 5Z 


2-8 


1/4M120Z 


2-8 


MA 1704 


7-53 


1/4M8.2Z 


2-8 


1/4M130Z 


2-8 


MA1705 


7-53 


1/4M9. 1Z 


2-8 


1/4M140Z 


2-8 


MA1706 


7-53 


1/4M10Z 


2-8 


1/4M150Z 


2-8 


MA1707 


7-53 


1/4M11Z 


2-8 


1/4M175Z 


2-8 


MA1708 


7-53 


1/4M12Z 


2-8 


1/4M200Z 


2-8 


MC200 Series 


13-4 


1/4M13Z 


2-8 


MA100 


7-44 


MC201 


13-5 


1/4M14Z 


2-8 


MA 112 


7-46 


MC202 


13-5 


1/4M15Z 


2-8 


MA113 


7-46 


MC203 


13-7 


1/4M16Z 


2-8 


MA114 


7-46 


MC204 


13-9 


1/4M17Z 


2-8 


MA115 


7-46 


MC205 


13-11 


1/4M18Z 


2-8 


MA116 


7-46 


MC206 


13-13 


1/4M19Z 


2-8 


MA117 


7-46 


MC207 


13-15 


1/4M20Z 


2-8 


MA200 


7-47 


MC208 


13-17 


1/4M22Z 


2-8 


MA201 


7-47 


MC209 


13-19 


1/4M24Z 


2-8 


MA202 


7-47 


MC212 


13-21 


1/4M25Z 


2-8 


MA203 


7-47 


MC213 


13-23 


1/4M27Z 


2-8 


MA204 


7-47 


MC215 


13-25 


1/4M30Z 


2-8 


MA205 


7-47 


MC217 


13-27 


1/4M33Z 


2-8 


MA206 


7-47 


MC250 Series 


13-29 


1/4M36Z 


2-8 


MA286 


7-49 


MC251 


13-30 


1/4M39Z 


2-8 


MA287 


7-49 


MC252 


13-30 


1/4M43Z 


2-8 


MA288 


7-49 


MC253 


13-32 


1/4M45Z 


2-8 


MA881 


7-50 


MC254 


13-33 
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ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 



Type No. 


Page 


Type No. 


Page 


Type No. 


Page 


MC255 


13-35 


MC804G 


13-112 


MC916G 


13-126 


MC256 


13-37 


MC805G 


13-123 


MC918G 


13-144 


MC257 


13-39 


MC806G 


13-123 


MC920G 


13-147 


MC258 


13-42 


MC807G 


13-114 


MC921G 


13-151 


MC259 


13-44 


MC814G 


13-120 


MC926G 


13-130 


MC260 


13-46 


MC815G 


13-120 


MC927G 


13-133 


MC262 


13-49 


MC816G 


13-126 


MC928G 


13-142 


MC263 


13-51 


MC826G 


13-130 


MC929G 


13-117 


MC265 


13-54 


MC827G 


13-133 


MC930 Series 


13-152 


MC267 


13-56 


MC829G 


13-117 


MC930F 


12-174 


MC300 Series 


13-58 


MC830 Series 


13-152 


MC930G 


13-170 


MC301 


13-62 


MC830F 


13-174 


MC931G 


13-154 


MC302 


13-70 


MC830G 


13-170 


MC931F 


13-160 


MC303 


13-68 


MC831F 


13-160 


MC932F 


13-184 


MC304 


13-61 


MC831G 


13-154 


MC932G 


13-182 


MC305 


13-74 


MC832F 


13-184 


MC933F 


13-167 


MC306 


13-62 


MC832G 


13-182 


MC933G 


13-167 


MC307 


13-62 


MC833F 


13-167 


MC944F 


13-176 


MC308 


13-70 


MC833G 


13-167 


MC944G 


13-172 


MC309 


13-62 


MC844F 


13-176 


MC945F 


13-162 


MC310 


13-62 


MC844G 


13-172 


MC945G 


13-156 


MC311 


13-62 


MC845F 


13-162 


MC946F 


13-180 


MC312 


13-62 


MC845G 


13-156 


MC948F 


13-164 


MC350 Series 


13-75 


MC846F 


13-180 


MC948G 


13-158 


MC351 


13-79 


MC848F 


13-164 


MC962F 


13-178 


MC352 


13-87 


MC848G 


13-158 


MC999G 


13-109 


MC353 


13-85 


MC862F 


13-178 


MC1050F 


13-186 


MC354 


13-78 


MC899G 


13-109 


MC1051F 


13-186 


MC355 


13-91 


MC900G Series 


13-104 


MC1052F 


13-186 


MC356 


13-79 


MC901G 


13-107 


MC1110 


13-191 


MC357 


13-79 


MC902G 


13-126 


MC1519 


13-196 


MC358 


13-87 


MC903G 


13-114 


MCI 524 


13-200 


MC359 


13-79 


MC904G 


13-112 


MC1530 


13-204 


MC360 


13-79 


MC905G 


13-123 


MC1531 


13-204 


MC361 


13-79 


MC906G 


13-123 


MCA1911 


2-39 


MC362 


13-79 


MC907G 


13-114 


MCA1912 


2-39 


MC650G Series 


13-92 


MC908G Series 


13-136 


MCA1913 


2-39 


MC651F 


13-92 


MC908G 


13-138 


MCA1914 


2-39 


MC652F 


13-98 


MC909G 


13-139 


MCA1921 


2-39 


MC652G 


13-98 


MC910G 


13-140 


MCA1922 


2-39 


MC700G Series 


13-102 


MC911G 


13-141 


MCA1923 




MC800G Series 


13-104 


MC912G 


13-150 


MCA1924 


2-39 


MC801G 


13-108 


MC913G 


13-145 


MCA1931 


2-39 


MC802G 


13-126 


MC914G 


13-120 


MCA1932 


2-39 


MC803G 


13-114 


MC915G 


13-120 


MCA1933 


2-39 








MCA1934 
MCA2011 
MCA2012 


2-39 
2-39 
2-39 
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ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 



Type No. 


Page 


Type No. 


Page 


Type No. 


Page 


MCA2013 


2-39 


TV If /"l T~» P A C\ O 

MCR649-6 


5-28 


MCR2304-6 


5-23 


MCA2014 


2-39 


TV /T /~< T"» O A f\ n 

MLRo49-7 


5-28 


MCR2304L-6 


5-23 


MCA2021 


2-39 


MLK7Zy-0 


c 01 


MCR2304-7 


5-23 


MCA2022 


2-39 


T\/rOTD r 70ft Q. 

MLK (Zy-b 


c 01 

0-01 


MC R2304L-7 


5-23 


MCA2023 


2-39 


ta n /~y td n o ft n 

MLK7Z9- i 


c 01 

o-ol 


MCR2304-8 


5-23 


MCA2024 


2-39 


MLK7Zy-o 


c 01 

o-ol 


MCR2304L-8 


5-23 


MCA2031 


2-39 


MCK7Zy-y 


c 01 

o-ol 


MCR2305-1 


5-23 


MCA2032 


2-39 


TV K r-i t-> r? o ft 1ft 

MLK7Zy-lU 


c 01 

o-ol 


MCR2305L-1 


5-23 


MCA2033 


2-39 


A/TPDOAO 1 

MLKoUo-1 


c 00 

0-00 


MCR2305-2 


5-23 


MCAZUo4 


2-39 


Tl/rr'D Q ft Q"D 1 

MLKoUoK-l 


K 0 0 
O-OO 


MCR2305L-2 


5-23 


TV ,T/~1 A O 1 1 1 

MLAZ111 


O Oft 

Z-oy 


MLx\oUo-Z 


0-00 


MCR2305-3 


5-23 


MLAZ11Z 


2-39 




c; 00 
0-00 


MCR2305L-3 


5-23 


TV yr/"t A o 1 1 O 

MCA2113 


2-39 


TV /TOO Oft Q o 


c 00 
0-00 


MCR2305-4 


5-23 


TV It AOI 1 /I 

MCA2114 


2-39 


MLK0U0.K-0 


c 00 

0-00 


MCR2305L-4 


5-23 


TV /r/^i A O 1 O 1 

MLAZ1Z1 


2-39 


A/T/~ , 'DQftQ /I 

MLKoUo-4 


c OO 

O-OO 


MCR2305-5 


5-23 


TV A O 1 O O 

MCAZ1ZZ 


2-39 


TV/TO'D QAQT5 /I 

MLi\oUoi\-4 


00 
0-00 


MCR2305L-5 


5-23 


ML AZlZo 


2-39 


MtKoUo- 0 


K 0 0 

0-00 


MCR2305-6 


5-23 


ML AZ1Z4 


o on 

Z-oy 


MLKoUor(-0 


R 0 0 

O-oo 


MCR2305L-6 


5-23 


MCAZlol 


O Oft 

Z-oy 


ML KoUo-b 


C OO 

0-00 


MCR2305-7 


5-23 


TV/TO A O 1 O O 

MLAZloZ 


2-39 


MLKoUoi\-0 


c 0 0 
0-00 


Tl If T"» ACT P7 

MCR2305L-7 


5-23 


TV/I"/" -1 A O 1 o o 

MuAZlOO 


O Oft 

Z-oy 


TA/rr~ , 'D Q/1 £ 1 

MLKo4b-l 


0-00 


MCR2305-8 


5-23 


Ti/rr" A o 1 oa 
JYLLAZlo4 


O Oft 

z-oy 


MLi\o4b-Z 


0-OD 


MCR2305L-8 


5-23 


TV/rf A OO 1 1 
1V1U /\ZZ 11 


9 QQ 

z -oy 


TA/rr , l?ft/lfi o 
MLrto40-0 


0-00 


MLKZbU4-l 


c OO 

o-Zo 


A/r/ r ~i A 99 1 9 
iViUiiZZ 1Z 


9 QQ 

z -oy 




0-00 


MLKZoU4L-l 


c 00 

o-Zo 


Tv/rr^ a 99 1 o 
MUAZZlo 


9 Oft 

Z-oy 


IVll^rCl i 10- 0 


R Qft 

0-00 


MLRZoU4-Z 


c 00 

o-Zo 


T\/rr^ A 99 1 A 
MUAZZ14 


O Oft 

z-oy 


TV/TPR 1 71ft R 
IVll^rvl i ±0-0 


R *3 ft 

0-00 


MLKZoU41j-Z 


c OO 

o-Zo 


Aip A 999 1 

Mt AZZZ 1 


9 Oft 

z -oy 


MPR1 71ft 7 
JVlUrtl i 10- t 


R ^ft 

0-00 


MCKZbU4-o 


c OO 

o-Zo 


TV/TO A 9999 

ML. AZZZZ 


9 Oft 

z-oy 


MPR1 71ft ft 


R Qft 
o-oo 


MCKZbU4Li-o 


c OO 

o-Zo 


iv/rr^ A 999 Q 
ML AZZZ 0 


9 Oft 

z-oy 


lV/rPRI QH7 1 
Ivl^ r\iyu i-l 


0~tU 


MCKZbU4-4 


c 00 

o-Zo 


TV/T/^ A 999/1 

ML AZZZ4 


9 Oft 

z-oy 




c /in 


JVLCKZbU4L-4 


c; OO 

o-Zo 


T\ /f A 99 9 1 

MLAZZol 


9 Oft 

z-oy 


MPR1Q07 ^ 

lviL/iviyu 4-0 


k /in 


MLKZby4-0 


c 00 

o-Zo 


MLAZZoZ 


O Oft 

z-oy 


a/tpt? 1 QH7 a 

ML AiyUl-l: 


c /in 

0-4U 


MCKZb(J4L-o 


c 00 

o-Zo 


MCAZZoo 


O Oft 

Z-oy 


MLrviyU 1 - 0 


c /in 


TV/T/^TDO Cft/1 £1 

MCKZ004-0 


c 00 

o-Zo 


MCA2234 


2-39 


H/IPD 1 ftftT C 


0-4U 


MCR2604L-6 


5-23 


MCL1300 


11-13 


MCR2304-1 


5-23 


MCR2604-7 


5-23 


ML JulOUl 


11 1 Q 
11-10 






IVl^rv^OU^tlj- I 


o-zo 


MCL1302 


11-13 


MCR2304-2 


5-23 


MCR2604-8 


5-23 


MCL1303 


11-13 


MCR2304L-2 


5-23 


MCR2604L-8 


5-23 


MCL1304 


11-13 


MCR2304-3 


5-23 


MCR2605-1 


5-23 


MCR649-1 


5-28 


MCR2304L-3 


5-23 


MCR2605L-1 


5-23 


MCR649-2 


5-28 


MCR2304-4 


5-23 


MCR2605-2 


5-23 


MCR649-3 


5-28 


MCR2304L-4 


5-23 


MCR2605L-2 


5-23 


MCR649-4 


5-28 


MCR2304-5 


5-23 


MCR2605-3 


5-23 


MCR649-5 


5-28 


MCR2304L-5 


5-23 


MCR2605L-3 


5-23 
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ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 



Tvnp Nn 




Pq pep 


Type No. 


XT ttgC 


Tvnp Nn 


.rage 


XVXVx XV£J U V »J x 




5-23 


MDA920-4 


4-7 


MDA972-3 


4-10 


MCR2605L- 


4 


5-23 


MDA920-5 


4-7 


MDA972-4 


4-10 


MCR2605-5 




5-23 


MDA920-6 


4-7 


MDA972-5 


4-10 




5 


5-23 


MDA920-7 


4-7 


MDA1330H 


4-14 


XVX^ xXO UUJ"U 




5-23 


MDA930-1 


4-7 


MDA1331H 


4-14 


XVXV^ Xi£i VJ V/cJ -1— 1 




5-23 


MDA930-2 

XVX.Ly.4l <J \J\J Lt 


4-7 


MDA1332H 


4-14 


XVXV/ ±\.£j \J V/tl 1 




5-23 


MDA930-3 


4-7 


MDA1333H 


4-14 


MCR2605L- 


7 


5-23 


MDA930-4 


4-7 


MDA1491-1 


4-10 


MCR2605-8 




5-23 


MDA930-5 


4-7 


MDA1491-2 


4-10 


MCR2605L- 


8 


5-23 


MDA930-6 


4-7 


MDA1491-3 


4-10 


MCS2135 




8-253 


MDA930-7 


4-7 


MDA1491-4 


4-10 


MCS2136 

AVX V-/ kJ Li 1U v 




8-253 


MDA940-1 


4-7 


MDA1491-5 


4-10 


MCS2137 




8-255 


MDA940-2 


4-7 


MDA1491-6 


4-10 


MCS2138 




8-255 


MDA940-3 


4-7 


MDA1505-1 


4-10 


MD984 

XVX X-/ wU a 




11-14 


MDA940-4 


4-7 


MDA1505-2 


4-10 


MD986 




11-16 


MDA940-5 


4-7 


MDA1505-3 


4-10 


MD1120 

AVAX-/ 1 4.fcJV 




11-18 


MDA940-6 


4-7 


MDA1505-4 


4-10 


MD1121 

XV A 1./ X X £j X 




11-18 


MDA940-7 


4-7 


MDA1505-5 


4-10 


MD1122 

XVI I / A. A. Lid 




11-18 


MDA942-1 


4-10 


MDA1505-6 


4-10 


MD1126 




11-20 


MDA942-2 


4-10 


MDA1591-1 


4-10 


MD1127 




11-20 


MDA942-3 


4-10 


MDA1591-2 


4-10 


MD1128 




11-22 


MDA942-4 


4-10 


MDA1591-3 


4-10 


MD1129 




11-24 


MDA942-5 


4-10 


MDA1591-4 


4-10 


MD1130 

AYXXV <L XU V 




11-26 


MDA942-6 


4-10 


MDA1591-5 


4-10 


MD1131 




11-28 


MDA950-1 


4-7 


MDA1591-6 


4-10 


MD1132 




11-30 


MDA950-2 


4-7 


MF3304 


8-257 


MD1134 




11-32 


MDA950-3 


4-7 


MFE2093 


10-27 


MD2218 




11-34 


MDA950-4 


4-7 


MFE2094 


10-27 


MD2218A 




11-34 


MDA950-5 


4-7 


MFE2095 


10-27 


MD2219 




11-34 


MDA950-6 


4-7 


MH745 


14-2 


MD2219A 




11-34 


MDA950-7 


4-7 


MH746 


14-2 


MD2904 




11-41 


MDA952-1 


4-10 


MJ2249 


6-152 


MD2904A 




11-41 


MDA952-2 


4-10 


MJ2250 


6-152 


MD2905 




11-41 


MDA952-3 


4-10 


MJ2251 


6-154 


MD2905A 




11-41 


MDA952-4 


4-10 


MJ2252 


6-154 


MD3250 




11-47 


MDA952-5 


4-10 


MJ2253 


6-156 


MD3250A 




11-47 


MDA952-6 


4-10 


MJ2254 


6-156 


MD3251 




11-47 


MDA962-1 


4-10 


MJ2255 


6-158 


MD3251A 




11-47 


MDA962-2 


4-10 


MJ2256 


6-158 


MD6001 




11-51 


MDA962-3 


4-10 


MJ2257 


6-158 


MD6002 




11-51 


MDA962-4 


4-10 


MJ2267 


6-160 


MDA920-1 




4-7 


MDA962-5 


4-10 


MJ2268 


6-160 


MDA920-2 




4-7 


MDA972-1 


4-10 


MJ2801 


6-162 


MDA920-3 




4-7 


MDA972-2 


4-10 


MJ2802 


6-162 



1-183 



— Numerical Index 

ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 



Type No. 


Page 


Type No. 


Page 


Type No. 


Page 


TV /r tO A1 f\ 

MJ3010 


6-164 


MPS2712 


8-281 


TA/TT50 CCOI 

MFbbooZ 


q q 1 n 


MJ3011 


6-164 


TV /TTVOO ni 0 

MPS2713 


8-283 


iv/moc co 0 
MPbbOOO 


0 0 1 r\ 


MJ3101 


6-152 


MPS2714 


8-283 


TA/mO C'CO/1 

MPbbDo4 


0-0IU 


TV If TOO l\ "f 

MJ3201 


6-166 


MPS2715 


8-281 


TV/TTJO C CO C 




TV If TO O f\C\ 

MJ3202 


6-166 


MPS2716 


8-281 


MKoZZ 


O 1 C 
0-10 


MK-10 


14-3 


n /nr* rioi r> rv a 

MPS2894 


8-285 


A/TTDOO Q 


O 1 R 


MK-15 


14-3 


MPS2923 


8-287 


A/TTDOO/1 


Q 1 R 


MK-20 


14-3 


MPS2924 


8-287 


A/TTDOO C 


O 1 C 


A /TTi I%T1 A A 


8-259 


tv /r'ncn ci 0 c 

MPS2925 


8-287 


A/TTDOOC 

MKoZb 


O 1 R 


MMloUo 


9-40 


MPS2926 


8-288 




Q Oft 


TV /TA ffl 01 O 
MMI0I2 


8-261 


tv irT*»o oonn 

MPS3392 


8-289 


a/ttd a a 1 


00c 


TV TTV It 1 C\ A 1 

MM1941 


9-99 


MPS3393 


8-289 


MKyyz 


0 oc 


tv /r tv vr 1 a >i 0 

MM1943 


9-101 


tv /rTvn 0 0 r\ a 

MPS3394 


8-289 


a /rn A A 0 

MKyyo 


0 oc 


|MM2258 


8-263 


MPS3395 


8-289 


A/TTDAA/I 

MKyy4 


3-26 


MM2259 


8-263 


tv iTT> c 0 0 a ty 

MPS3396 


8-289 


A/TTD 1 AO A 

MKlUoU 


O O A 


MM2260 


8-263 


h/ttjoo 0 A17 

MPboo97 


8-289 


A/TTD 1 HQ 1 

MKlUol 


O O A 

0-^4 


MM2483 


8-266 


iv /rT"» ononn 

MPS3398 


8-289 


A/TTD 1 AO O 


O O A 

o-z4 


MM2484 


8-266 


MPS3563 


9-105 


A 1 AO O 


O O A 

0-Z4 


MM2 503 


9-103 


TV /TTT» CI O /"> O O A 

MPS3638, A 


8-291 


A/TTD 1 AO /I 

MKlUo4 


0 0 /i 


MM2550 


8-268 


iv /rTTOo /ion 

MPS3639 


8-293 


A/TT3 1 AO C 


O O A 


TV /T TV lfC% FT FT C% 

MM2552 


8-270 


A/TT10 0 C A A 

MPS3640 


8-296 


TV /TO 1 AO C 

MKlUob 


O O A 


TV ITTi /TO IT IT A 

MM2554 


8-272 


TV /moo C A c 

MPbob4b 


8-298 


A/TTD 1 AO O 

MKIU00 


0 0 /I 


TV jrn /rc\ r\f\ a 

MM2894 


8-274 


tv irT~\ ci 0 ft A n 

MPS3707 


8-300 


A/TTD 1 A/1 A 

MK1U4U 


O O A 


MP 500, A 


6-168 


A/moonAo 


8-300 


A/f TD 1 1 O A 


0 00 


MP501, A 


6-168 


A/TTiOO Hf\C\ 

MPbo7U9 


8-300 


A/TTD 1 IO 1 


0 00 


tv ynr» it ao a 

MP 502, A 


6-168 


a /moo 171 a 


8-300 


A/TTD 110 0 

MK11ZZ 


0 00 


TV /TT1 t? f\ A A 

MP 504, A 


6-168 


A/moo rr 1 1 


O O AA 

0-0UU 


A/TTD 110 0 


O O Q 

0-Z0 


tv /tt*\ t~ r\ r~ a 

MP505, A 


6-168 


A/moo 170 1 


8-288 


A/TTD 110/1 


0 O Q 


TV »T» f- f\ft A 

MP 506, A 


6-168 


A/TT)GC &(\n 


n t no 

y-iu ( 


A/TTD 1 1 O K 


0 O Q 


MP 52 5 


6-170 


A/TTDOC C1 1 
MPbDOll 


9-110 


A/TTD 110C 

MKllZb 


0 00 

0-Z0 


TV /t"TH\ 1 n 1 r\ 

MP1612 


6-172 


MJrbbolZ 


8-302 


A/TTD 110 0 


0 00 

0-Z0 


TV /TT™* 1 /)1 n A 

MP1612A 


6-172 


A/TTDO CC1Q 


8-302 


A/TTD 1 1 O A 

MKlloU 


0 00 

0-Z0 


MP1612B 


6-172 


A/TT50C CI ^ 


8-302 


A/TTD 1 O HA 


0 00 

0-0Z 


MP1613 


6-174 


tv /mo n c 1 c 

MPS6515 


8-302 


TV yT T~T 1 0 A1 

MR1201 


3-32 


MP2060 


6-176 


MPS6516 


8-306 


MR1202 


3-32 


MP2061 


6-176 


MPS6517 


8-306 


MR1203 


3-32 


MP2062 


6-176 


MPS6518 


8-306 


MR1205 


3-32 


MP2063 


6-176 


MPS6519 


8-306 


MR1207 


3-32 


MPS706 


8-277 


MPS6520 


8-302 


MR1209 


3-32 


MPS834 


8-279 


MPS6521 


8-302 


MR1210 


3-35 


MPS918 


9-105 


MPS6522 


8-306 


MR1211 


3-35 


MPS2711 


8-281 


MPS6523 


8-306 


MR1212 


3-35 






MPS6530 


8-310 


MR1213 


3-35 






MPS6531 


8-310 


MR1215 


3-35 
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Numerical Index 

ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 



Type No. 


Page 


Type No. 


Page 


Type No. 


Page 


MR1217 


3-35 


MR1263 


3-46 


MSD6101 


11-55 


MR1218 


3-35 


MR1265 


3-46 


MT32 


5-49 


MR1219 


3-35 


MR1267 


3-46 


MV830 


12-21 


MR1220 


3-38 


MR1268 


3-46 


MV831 


12-21 


MR1221 


3-38 


MR1269 


3-46 


MV832 


12-21 


MR1222 


3-38 


MR1290 


3-48 


MV833 


12-21 


MR1223 


3-38 


MR1291 


3-48 


MV834 


12-21 


MR1225 


3-38 


MR1292 


3-48 


MV835 


12-21 


MR1227 


3-38 


MR1293 


3-48 


MV836 


12-21 


MR1228 


3-38 


MR1295 


3-48 


MV837 


12-21 


MR1229 


3-38 


MR1297 


3-48 


MV838 


12-21 


MR1230 


3-41 


MR1298 


3-48 


MV839 


12-21 


MR1231 


3-41 


MR1299 


3-48 


MV840 


12-21 


MR1232 


3-41 


MR1337-1 


3-50 


MV1806C 


12-12 


MR1233 


3-41 


MR1337-2 


3-50 


MV1807C 


12-12 


MR1235 


3-41 


MR1337-3 


3-50 


MV1808A 


12-15 


MR1237 


3-41 


MR1337-4 


3-50 


MV1808B 


12-15 


MR1238 


3-41 


MR1337-5 


3-50 


MV1808C 


12-15 


MR1239 


3-41 


MR2261 


3-52 


MV1810A 


12-18 


MR1240 


3-44 


MR2262 


3-52 


MV1810B 


12-18 


MR1241 


3-44 


MR2263 


3-52 


MV1864A,B 


12-23 


MR1242 


3-44 


MR2264 


3-52 


MV1892 


12-25 


MR1243 


3-44 


MR2265 


3-52 


MZ600 


2-38 


MR1245 


3-44 


MR2266 


3-54 


MZ800 


2-38 


MR1247 


3-44 


MR2271 


3-56 


M4L2052 


5-44 


MR1248 


3-44 


MR2272 


3-58 


M4L2053 


5-44 


MR1249 


3-44 


MR2273 


3-54 


M4L2054 


5-44 


MR1260 


3-46 


MS-10 


14-5 


M4L3052 


5-46 


MR1261 


3-46 


MS-15 


14-7 


M4L3053 


5-46 


MR1262 


3-46 


MSD6100 


11-53 


M4L3054 


5-46 










XC-63 


14-9 










XC-72 


14-10 
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Device Outline Dimensions 



DEVICE OUTLINE DIMENSIONS 



All dimensions are in inches. 
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Device Outline Dimensions 



CASE 16 (TO-41 Except Lug Length) 

Collector connected 




CASE 20 TO-72 PACKAGE 




CASE 21 TO-17 PACKAGE 




CASE 22 TO-18 PACKAGE 



CASE 23 



0.178 r 
0.195 



0.209 
0.230 



r 



0.016 n 
0.019 u 





CASE 24 TO-102 PACKAGE 

6-32-UNC-2A ^IKldatedf^c 
(COATED) THREAD — 



r 

0.164 

0.168 , 

D)A ^ — COLLECTOR 




-H —o.ioo 

0.050— — 



CASE 25 (Case 31 with Stud Mount) 



CASE 26 TO-46 PACKAGE 



CASE 27 T0-52 PACKAGE 




0.209 
0.230 
. DIA , 



r \: 



°- 178 
0J95 
I 



0.065 
0.085 



0.012 r 
0.019 
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Device Outline Dimensions 



All dimensions 
are in inches. 



CASE 29 TO-92 PACKAGE 

PLASTIC TRANSISTORS 



Leads to fit into 

0.016 

0.019 
DIA HOLE (TYP) -— 



0.045 
0.055 



0.175 
0.185 



0.045 
0.055 




CASE 31 T0-5 PACKAGE 




CASE 31 A TO-5 PACKAGE 



CASE 32,32A,32B 




All leads isolated from c 




CASE 33 TO-89 PACKAGE 

All leads isolated from case 



Lead 1 identified by square 
impression on underside of case. 



■ 0.240 , 
| 0.290 n 



0.030 
0.070 



0.045 . . 
0.055 n 



■ „ 0.045 



0.120 
0.150 



PINS 4 AND 8 OMITTED 



CASE 32 -0.150/0.180 
CASE 32A- 0.140/0.260 
CASE 32BJO-77 -0.240/0.260 



CASE 34 




CASE 35 T0-71 PACKAGE 

All leads isolated from case 

0.209 
-H 0.230 t-— 



CASE 36 TO-60 PACKAGE 





0.090 
0.135 
i_ 



10-32-UNF-2A _ 
THREAD 



0.355 



0.375 
0.455 



PINS 4 AND 8 OMITTED 
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Device Outline Dimensions - 



CASE 37 CERAMIC PACKAGE 



0.070 - 
MAX 



0.005 DIA- 
BASE- 
COLLECTOR- 
EMITTER— 



0.5 
MIN 



0.040 
NOM 



C3Zt 



CASE 41 



1 DIA 









t 

D ~ 


A - 


C DIA— ^ 





OUTLINE DIMENSIONS (INCHES) 


PKG. 


A 
MAX 


B 
MAX 


C 

±0.002 


D 
MIN 


41-1 


1.00 


0.500 


0.032 


1.25 


41-2 


0.500 


0.375 


0.032 


1.25 


41-3 


1.030 


0.378 


0.032 


1.25 


41-4 


1.220 


0.641 


0.032 


1.75 


41-5 


0.655 


0.641 


0.032 


1.25 


41-6 


0.520 


0.275 


0.022 


1.25 


41-7 


1.000 


0.375 


0.032 


1.25 



CASE 42 DO-5 PACKAGE 




CASE 43 DO-21 PACKAGE 




CASE 46 



CASE 47 




0.059 
0.065 



0.205 
0.225 



0.070 
0.076 



0.059 
0.065 




CASE 48 



CASE 49 



0.083 
DIA 



0.037 
0.043 



0.050 
0.070 




CASE 51 DO-7 GLASS PACKAGE 



0.300 MAX 
_J 
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— DeWce Outline Dimensions — — 



All dimensions 
are in inches. 



CASE 52 DO-13 PACKAGE 

0.225 MAX DIA 



0 



— ^ 0.090 MAX DIA 



CASE 53 



0.230 
DIA 




0.180 






0.200 
DIA 






~T 

0.350 
0.370 



,0.045 



CASE 54 (TO-3 Except Pin Diameter) 



CASE 55 



CASE 56 DO-4 PACKAGE 




0.135 



I- M 

D 



DIA 



0.256 
MAX 





0.115 
0.135 




CASE 56A DO-4 PACKAGE 



CASE 57 



CASE 58 
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Device Outline Dimensions 
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■ Device Outline Dimensions' 



All dimensions 
are in inches. 



CASE 72 10-LEAD FLAT PACKAGE 
TO-91 

LEAD 1 IDENTIFIED BY IMPRESSION 
ON UNDERSIDE OF CASE. 




ALL PINS ELECTRICALLY 
ISOLATED FROM PACKAGE 0,045 
0.055 

MP- ... ,_J 



0.019 



inn 



0.250 
MIN 



TOP 




1 

0.240 


VIEW 




0.260 
I 






0.250 




■1 


MIN 




6 

0.240 






^~ 0.290 ~ 





CASE 79 TO-39 PACKAGE 



0350 n| , 
0.370 DIA 

0.335 UIA 



0.016 n 
0.019 u 



0.240 
0.260 



0.5 
MIN 



0.100 ^ 
EMITTER- 



-BASE 
0.100 




CASE 80 TO-66 PACKAGE 

DIA — 




CASE 83 14-LEAD FLAT PACKAGE 
TO-86 



CASE 85 



LEAD 1 IDENTIFIED BY IMPRESSION 
ON UNDERSIDE OF CASE. 



0.030 
REF 



0.003 
0.006 



ALL PINS ELECTRICALLY 
ISOLATED FROM PACKAGE 



TOP 
VIEW 



0.030 
0.070 



0.045 
0.055 



Collector connected to case 



0.240 
0.275 



0.240 
0.260 



0.250 
MIN 




CASE 85L 



CASE 86 



CASE 86L 




/ y — 0.070 Dl 
WAX 




1-192 



Device Outline Dimensions 
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^— Device Outline Dimensions 



CASE 100 



(—0.75- 
0.173 DIA. THRU -0.010 
2 PLACES 



— 0.75— j 
± 0.010 



T 

0.080 
NOM 



r 

0.630 
MAX 



0.030 
MIN 



— | I— 0.260 MAX 
1 — ■ 0.145 DIA. THRU 



•1.20 MAX 



0.J35 T 
T MA? 

~ 1 L 



T 



Dimensions — Inches 



Output 
Current 


A 
HEX 


Bi 
MAX 


B? 
MAX 


C 
MAX 
DIA 


D, 
MAX 


D; 
MAX 


Ei 

DIA 


80 


1.250 


0.135 


0.113 


1.20 


0.525 


0.590 


0.250 


160 


1.75 


0.260 


0.155 


1.72 


0.760 


0.64 


0.375 


240 


2.00 


0.260 


0.200 


1.94 


1.10 


1.00 


0.562 


400 


2.250 


0.320 


0.260 


2.20 


1.10 


1.155 


0.562 




E: 
DIA 


Fi 
MAX 


F 2 
MAX 


G 


H 

THREAD 


J 

MAX 


K 

MAX 


80 


0.281 


2.25 


6.25 


0.125 


10-32 


0.500 


0.570. 


160 


0.343 


3.0 


8.10 


0.375 


3-16 UNF 


1.00 


1.10 


240 


0.531 


3.50 


8.10 


0.375 


2-16 UNF 


1.00 


1.10 


400 


0.562 


3.72 


8.10 


0.375 


^•16 UNF 


1.00 


1.10 



CASE 101 



CASE 102 





lo 






Dimensions — 


Inches 






Output 








D 








Current 




B 


C 


MAX 


Ei 


Ej 


Fi 


A 


DIA 


MAX 


DIA 


MAX 


MAX 


MAX 


160 


2.25 


0.203 


0.880 


1.720 


0.260 


0.155 


0.760 


240 


3.00 


0.281 


1.255 


2.100 


0.260 


0.200 


1.100 


400 


3.00 


0.281 


1.255 


2.200 


0.320 


0.260 


1.100 


650 


3.25 


0.281 


1.380 


2.885 


0.500 


- 


1.30 




F: 


G, 


G 2 


Ht 


H; 


J 


K 




MAX 


MAX 


MAX 


DIA 


DIA 


MAX 


MAX 


160 


0.64 


1.9 


7.10 


0.375 


0.343 


0.260 


1.00 


240 


1.00 


2.50 


6.90 


0.562 


0.531 


0.260 


1.00 


400 


1.155 


2.70 


6.90 


0.562 


0.562 


0.260 


1.00 


650 




2.50 




0.562 




0.260 


1.00 



CASE 103 



CASE 104 



b 

Us 




CASE 105 



7^ 



1.25 ± .01 1 1.25 ± .01 
4 00 - .02 ■ 



- 2.0 -j 



,JL 



.812 ± .010 
— 2 0 MAX - 



1-194 



Device Outline Dimensions 



COLOR-CODED POLARITY DOTS: 
Y = AC INPUT 
R = +DC OUTPUT 

(NO MARK) = -DC OUTPUT 



CASE 106 



POLARITY 
DOTS 



J L 



7^ 



0.265 SQ 
•—MAX — 



CASE 107 



CASE 108 



POLARITY 
DOTS 



7^ 



□= 



L° i75 J 

1 UIM *1 



IAX_[3= 



0.090 
MAX 



TIN-DIPPED 
COPPER 



L 0.015 M 



0.265 SQ 
— MAX — 



CASE 109 



CASE 110 



=0 



0.265 SQ. 
- 0.300 — -4— MAX— 



L°.!L 5 J 



DIA 



0.018 , 

o.o: 

_. TIN-DIPPED 
COPPER 



171 0.565 
| | I MAX 

-J L 7 




MAX ^ MIN 



CASE 111 



CASE 112 



0.147 
0.153 



LONGER LEAOS AVAILABLE 
UPON REQUEST 




0.843 

" (REF) ' 



1.264 

(REF) 



1.265 
MAX 



CASE 113 



CASE 114 





rt 

1.115 J 1 
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Device Outline Dimensions 




M96 



General Information 

ADDITIONS AND MODIFICATIONS 



M97 



General Information 

ADDITIONS AND MODIFICATIONS 
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SILICON ZENER DIODES 

Including 

TEMPERATURE COMPENSATED DIODES 
REFERENCE AMPLIFIERS 



2-1 



The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military -type data sheets are available. 

SILICON REGULATOR DIODES 



JAN 


1N746A thru JAN 1N759A 


MIL-S-19500/127 


2-10 


JAN 


1N962B thru JAN 1N984B 


MIL-S-19500/117 


2-11 


JAN 


1N2804B 


thru JAN 1N2811B 


MIL-S-19500/114 


2-15 


JAN 


1N2813B 




MIL-S-19500/114 


2-15 


JAN 


1N2814B 




MIL-S-19500/114 


2-15 


JAN 


1N2816B 




MIL-S-19500/114 


2-15 


JAN 


1N2818B 


thru JAN 1N2820B 


MIL-S-19500/114 


2-15 


JAN 


1N2822B 


thru JAN 1N2827B 


MIL-S-19500/114 


2-15 


JAN 


1N2829B 




MIL-S-19500/114 


2-15 


JAN 


1N2831B 


thru JAN 1N2838B 


MIL-S-19500/114 


2-15 


JAN 


1N2804B 


thru JAN 1N2846B 


MIL-S-19500/114 


2-15 


JAN 


1N2970B 


thru JAN 1N2977B 


MIL-S-19500/124 


2-18 


JAN 


1N2979B 




MIL-S-19500/124 


2-18 


JAN 


1N2980B 




MIL-S-19500/124 


2-18 


JAN 


1N2982B 




MIL-S-19500/124 


2-18 


JAN 


1N2984B 




MIL-S-19500/124 


2-18 


JAN 


1N2988B 


thru JAN 1N2993B 


MIL-S-19500/124 


2-18 


JAN 


1N2995B 




MIL-S-19500/124 


2-18 


JAN 


1N2997B 




MIL-S-19500/124 


2-18 


JAN 


1N2999B 


thru JAN 1N3005B 


MIL-S-19500/124 


2-18 


JAN 


1N3007B 


thru JAN 1N3009B 


MIL-S-19500/124 


2-18 


JAN 


1N3011B 




MIL-S-19500/124 


2-18 


JAN 


1N3012B 




MIL-S-19500/124 


2-18 


JAN 


1N3014B 




MIL-S-19500/124 


2-18 


JAN 


1N3015B 




MIL-S-19500/124 


2-18 


JAN 


1N3016B 


thru JAN 1N3051B 


MIL-S-19500/115 


2-19 


JAN 


1N3821A 


thru JAN 1N3828A 


MIL-S-19500/115 


2-23 


JAN 


1N3993A 


thru JAN 1N4000A 


MIL-S-19500/272 


2-24 


JAN 


1N4370A 


thru JAN 1N4372A 


MIL-S-19500/127 


2-10 


SILICON 


REFERENCE DIODES 


page 


JAN 


1N429 




MIL-S-19500/299 


2-32 


USN 


1N821 




MIL-S-19500/159 


2-32 


USN 


1N823 




MIL-S-19500/159 


2-32 


USN 


1N825 




MIL-S-19500/159 


2-32 


USN 


1N827 




MIL-S-19500/159 


2-32 


USN 


1N829 




MIL-S-19500/159 


2-32 


USN 


1N935B 




MIL-S-19500/156 


2-32 


USN 


1N937B 




MIL-S-19500/156 


2-32 


USN 


1N938B 




MIL-S-19500/156 


2-32 


USN 


1N939B 




MIL-S-19500/156 


2-32 


USN 


1N941B 




MIL-S-19500/157 


2-32 


USN 


1N943B 




MIL-S-19500/157 


2-32 


USN 


1N944B 




MIL-S-19500/157 


2-32 


JAN 


1N3154 thru JAN 1N3157 


MIL-S-19500/158 


2-32 
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■ Silicon Zener Diodes - 



SILICON ZENER DIODES 



FORWARD 
CHARACTERISTIC 
TYPICAL 
(ALL TYPES) 






V, 


:k 


@ V R 
































































M 











0.5 1.0 1.5 

V F (VOLTS) 



REVERSE 
CHARACTERISTIC 

(See table for 
specific values) 



» l f - Forward Current 
» l z - Zener Current 

• l ZK • Zener Current Near 

Breakdown Knee 
» l ZM - Maximum DC Zener Current 

(limited by power dissipation) 
» l ZT - Zener Test Current 
► V, - Forward Voltage 

• V z - Nominal Zener Voltage 

• Z z - Zener Impedance 

• Z ZK - Zener Impedance Near 

Breakdown Knee (l IK ) 

• Z ZT - Zener Impedance At 

Test Current (l ZT ) 

• I* - Reverse Current 

• V„ - Reverse Test Voltage 



The zener diode is unique within the semiconductor family of devices in that 
its important electrical properties are associated with a p - n junction operated 
under reverse -bias avalanche (breakdown) conditions. The major electrical 
characteristics associated with such devices, from an applications viewpoint, 
are defined as follows: 

Zener Voltage (Vz) -- Nominal zener voltage, measured at a specified 
test current (IziO * n the constant -voltage region, with the device junction in 
thermal equilibrium with a 25°C ambient temperature. 

Zener Impedance ~ (Z z ) -- The impedance of a zener diode is normally 
specified at two points of the zener characteristics curve: at the knee of the 
zener plateau, and near the midrange of the zener excursion. The values of 
Zz are derived by superimposing a 60 -cycle current on the zener test current 
(Izx) or on the zener knee current (Izk) anc * measuring the resulting AC volt- 
age across the device. The RMS value of the applied 60-cycle current is 10% 
of the zener current (I ZT or I^g). 

A 100% CRT curve trace is used to insure that each zener diode breakdown 
region begins at a current lower than I Z £ and continues at nearly constant 
voltage to a current level in excess of Izm- 

Maximum Zener Current Rating -- (Izm) "" Tnis current rating denotes the 
maximum current that can be supplied by a device without exceeding the rated 
power level. This depends, of course, on the nominal zener voltage (Vz). 

Reverse Current -- (Ir) -- Reverse current is the leakage current of the 
zener diode in the non-conducting region of the device, i.e., in the area of an 
applied voltage between 0 and avalanche breakdown. It is normally specified 
at a reverse voltage (V R ) of approximately 0. 8 (Vz tolerance). 

For case outline dimensions, see page 1-186. 



2-3 



Silicon Zener Diodes 



HOW TO OBTAIN NON-STANDARD ZENER DIODES 



Zener Diodes With Special Voltage Ratings and Tolerances 



Each of JEDEC "IN" type numbers for zener diodes stands for a device with 
a specific zener voltage, power rating and voltage tolerance. A variation of 
voltage tolerances, however, is provided for in the EIA registration by a series 
of suffixes. For example, the JEDEC type number 1N4728 stands for a 1-watt 
diode with a zener voltage rating of 3. 3 volts ±10%. The same type number, 
with a suffix A, i.e. , 1N4728A, indicates a ±5% voltage tolerance. 

The suffix usage varies with individual registrations. Consult data sheets or Selection 
Guide for particulars. 

There are many instances, however, when a circuit design calls for a device 
with a special zener voltage rating and/or a special tolerance not provided for 
in the standard registration format. Nevertheless, such special devices are 
normally available on special order, giving the designer a tremendous choice 
of voltages and tolerances for his design. 

To facilitate the purchase of a device with a non-standard voltage or toler- 
ance, a special code number has been devised, as follows: 



X X M XXX Z X 

r ^~ T— . 

Power Nominal Zener Tolerance 

Rating Zener Voltage Diode (±%) 

(Watts) (Volts) 



For example, a special 10 watt zener diode with a zener voltage of 41 volts 
±1% would be ordered as follows: 



10M41Z1 

The above nomenclature applies for all packages and all power categories in- 
dicated in the selector guide on pages 2-6 and 2-7 , except for the 1-watt 
plastic package and the 50-watt stud package. These two exceptions are made 
necessary by the fact that each of these power categories is served by two 
different package types. 
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Special 1-watt plastic packaged devices are specified as follows: 



1MXXXZSX 



Special 10-watt or 50-watt stud packaged devices are specified as follows: 



50MXXXSZXX 



Matched Sets of Zener Diodes 



Zener diodes can also be obtained in sets consisting of two or more matched 
devices. The method for specifying such matched sets is similar to that used 
in specifying special units except that two extra suffixes are added to the spe- 
cification described above. 

These units are marked with code letters to identify the matched sets. 
For example: 



0 



M 



1 



10 Watts 



Zener 
Diodes 



51 Volts 
(each device) 

Code 

B-Two 
devices in 
Series 



C - Three devices 
in Series 

D-Four devices 
in Series 



±5% 



5 B 1 

v 1 

Code 
(A-Not used) 



P-Two devices 

in parallel 

(not recommended) 

X-Two devices; one 
standard polarity, 
the other reverse 
polarity. (10 and 
50 watts only) 



Overall 
Tolerance 
of Set (±1%) 



ZENER CLIPPERS 

Special clipper diodes with opposing zener junctions built into the device are available 
by using the following nomenclature 



X M XXX 

T 1- 

Power Nominal 
Rating Voltage 
(Watts) 



Z 

T 

Zener 

Diode 



Z 

T 

Clipper 



Tolerance for 
each of the two 
Zener Voltages 



This nomenclature is applicable to all packages and power ratings as restricted on page 
2-4 and above. 
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ZENER DIODE SELECTION GUIDE 

IMPORTANT . . . The devices listed represent a basic profile of the largest inventoried 
zener diode line in the industry. Many additional types not listed, including in-between 
voltages, matched pairs, double-anode clippers and combination molded assemblies are 
also available. 





V* WATT 

Cathode = Polarity Mark 


400 MILLIWATT 

Cathode = Polarity Mark 


1 WATT 

Cathode = Polarity Mark 


1 WATT 

Cathode to Case 












Nominal 
Zener 


CASE 51 


CASE 51 


CASE 59 


_Q=o 

CASE 52 


Voltage 

Vz 


INDUSTRIAL 
(NOTE 1) 


INDUSTRIAL 
±5% TOLERANCE 


INDUSTRIAL 
(NOTE 2, 3) 


MEETS SPECS OF 
MIL-S-19500/127 
(1N746A-759A 
1N4370A-4372A) 
MIL-S-19500/117 
(1N962B-992B) 


INDUSTRIAL 
(NOTE 2) 


INDUSTRIAL 
(NOTE 2, 3) 


MEETS SPECS OF 
MIL-S-19500/U5 


2.4 
2.7 
3.0 
3.3 
3.6 
3.9 


V4M2.4AZ 
V 4 M2.7AZ 
V4M3.0AZ 
V4M3.3AZ 
V4M3.6AZ 
1/4M3.9AZ 




1N4370 
1N4371 
1N4372 
1N746 
1N747 
1N748 


1N4370A 

1N4371A 

1N4372A 

1N746A 

IN 747 A 

1N748A 


1N4728 
1N4729 
1N4730 


1N3821 
1N3822 
1N3823 


1N3821A 
1N3822A 
1N3823A 


4.3 
4.7 
5.1 
5.6 
6.2 


1/4M4.3AZ 
V4M4.7AZ 
V 4 M5.1AZ 
V4M5.6AZ 
V 4 M6.2AZ 




1N749 
1N750 
1N751 
1N752 
1N753 


1N749A 
1N750A 
1N751A 
1N752A 
1N753A 


1N4731 
1N4732 
1N4733 
1N4734 
1N4735 


1N3824 
1N3825 
1N3826 
1N3827 
1N3828 


1N3824A 
1N3825A 
1N3826A 
1N3827A 
1N3828A 


6.8 


V4M6.8Z 


1N4099 


1N754 
1N957 


1N754A 


1N4736 


1N3829 
1N3016 


1N3016B 


7.5 


V 4 M7.5Z 


1N4100 


1N755 
1N958 


1N755A 


1N4737 


1N3830 
1N3017 


1N3017B 


8.2 


V4M8.2Z 


1N4101 


1N756 
1N959 


1N756A 


1N4738 


1N3018 


1N3018B 


9.1 


V 4 M9.1Z 


1N4103 


1N757 
1N960 


1N757A 


1N4739 


1N3019 


1N3019B 


10 


V4MIOZ 


1N4104 


1N961 




1N4740 


1N3020 


1N3020B 


11 


1/4 muz 


1N4105 


1N962 


1N962B 


1N4741 


1N3021 


1N3021B 


12 


V4M12Z 


1N4106 


1N759 
1N963 


1N759A 
1N963B 


1N4742 


1N3022 


1N3022B 


13 
15 
16 
18 
20 
22 


y 4 Mi3Z 
y 4 Mi5Z 
V4MI6Z 
1/4MI8Z 
1/4M20Z 

i/ 4 M22Z 


1N4107 
1N4109 
1N4110 
1N4112 
1N4114 
1N4115 


1N964 
1N965 
1N966 
1N967 
1N968 
1N969 


1N964B 
1N965B 
1N966B 
1N967B 
1N968B 
1N969B 


1N4743 
1N4744 
1N4745 
1N4746 
1N4747 
1N4748 


1N3023 
1N3024 
1N3025 
1N3026 
1N3027 
1N3028 


1N3023B 
1N3024B 
1N3025B 
1N3026B 
1N3027B 
1N3028B 


24 
27 
30 
33 
36 
39 


V 4 M24Z 
i/ 4 M27Z 
V 4 M30Z 
V4M33Z 
V4M36Z 
V4M39Z 


1N4116 
1N4118 
1N4120 
1N4121 
1N4122 
1N4123 


1N970 
1N971 
1N972 
1N973 
1N974 
1N975 


1N970B 
1N971B 
1N972B 
1N973B 
1N974B 
1N975B 


1N4749 
1N4750 
1N4751 
1N4752 
1N4753 
1N4754 


1N3029 
1N3030 
1N3031 
1N3032 
1N3033 
1N3034 


1N3029B 
1N3030B 
1N3031B 
1N3032B 
1N3033B 
1N3034B 


43 
47 
51 
56 
62 
68 


i/ 4 M43Z 
V 4 M47Z 
1/4M51Z 
V 4 M56Z 
1/4M62Z 
1/4M68Z 


1N4124 
1N4125 
1N4126 
1N4127 
1N4129 
1N4130 


1N976 
1N977 
1N978 
1N979 
1N980 
1N981 


1N976B 
1N977B 
1N978B 
1N979B 
1N980B 
1N981B 


1N4755 
1N4756 
1N4757 
1N4758 
1N4759 
1N4760 


1N3035 
1N3036 
1N3037 
1N3038 
1N3039 
1N3040 


1N3035B 
1N3036B 
1N3037B 
1N3038B 
1N3039B 
1N3040B 


75 
82 
91 
100 
110 
120 


y 4 M75Z 
y 4 M82Z 
1/4M91Z 
1/4MIOOZ 
V4MIIOZ 
1/4M120Z 


1N4131 
1N4132 
1N4134 
1N4135 


1N982 
1N983 
1N984 
1N985 
1N986 
1N987 


1N982B 
1N983B 
1N984B 
1N985B 
1N986B 
1N987B 


1N4761 
1N4762 
1N4763 
1N4764 


1N3041 
1N3042 
1N3043 
1N3044 
1N3045 
1N3046 


1N3041B 
1N3042B 
1N3043B 
1N3044B 
1N3045B 
1N3046B 


130 
150 
160 
180 
200 


1/4M130Z 
1/4M150Z 
i/ 4 M160Z 

1/4M180Z 
1/4M200Z 




1N988 
1N989 
1N990 
1N991 
1N992 


1N988B 
1N989B 
1N990B 
1N991B 
1N992B 




1N3047 
1N3048 
1N3049 
1N3050 
1N3051 


1N3047B 
1N3048B 
1N3049B 
1N3050B 
1N3051B 
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NOTES: 

1. Standard tolerances of 5, 10, and 20% are avail- 
able — no suffix is ±20% tolerance; "10" suffix is 
±10% tolerance and "5" suffix is ±5% tolerance. 

2. No suffix denotes ±10% tolerance. "A" suffix is 
±5% tolerance. (1N4370-4372, 1N746-759; 1N3821- 
30, 1N3993-4000) 



3. Standard tolerances of 5, 10, and 20% are avail- 
able — no suffix is ±20% tolerance; "A" suffix is 
±10% tolerance, and "B" suffix is ±5% tolerance. 
(1N957-992; 1N3016-3051; 1N3785-3820; 1N2970&R- 
301 5&R; 1N4549-4556; 1N4557-4564; 1N2804&R- 
2846&R; 1N3305&R-3350&R) 

4. R & RB = Reverse Polarity Types Available. 



iy 2 WATT 

Cathode to Case 


10 WATT 

Cathode to Case = IN3993 series 
Anode to Case = 1N2970 series 


50 WATT 

Anode to Case 




1 


r 










Nominal 




CASE 55 




1 CASE 56 




CASE 54 


(111 CASE 58 


Zener 
Voltage 

Vz 


INDUSTRIAL 
(NOTE 3) 


INDUSTRIAL 
(NOTE 2, 3, 4) 


MEETS SPECS OF 
MIL-S-19500/272 
(1N3993A-4000A) 
MIL-S-19500/124 
(1N2970B-3015B) 


INDUSTRIAL 
(NOTE 3, 4) 


MEETS SPECS OF 
MIL-S-19500/114 
(NOTE 4) 


INDUSTRIAL 
(NOTE 3, 4) 




1N3993 


1N3993A&RA 


1N4557&R 




1N4549&R 


2.4 
2.7 
3.0 
3.3 
3.6 
3.9 




1N3994 
1N3995 
1N3996 
1N3997 
1N3998 


1N3994A 
1N3995A 
1N3996A 
1N3997A 
1N3998A&RA 


1N4558&R 
1N4559&R 
1N4560&R 
1N4561&R 
1N4562&R 




1N4550&R 
1N4551&R 
1N4552&R 
1N4553&R 
1N4554&R 


4.3 
4.7 
5.1 
5.6 
6.2 


1N3785 


1N3999 
1N2970&R 


1N3999A 
1N2970B&RB 


1N4563&R 
1N2804&R 


1N2804B&RB 


1N4555&R 
1N3305&R 


6.8 


1N3786 


1N2971&R 


ir\Mfinn/v 

UMHvUUM 

1N2971B&RB 


1N4564&R 
1N2805&R 


1N2805B&RB 


1N4556&R 
1N3306&R 


7.5 




1N2972&R 


1N2972B&RB 


1N2806&R 


1N2806B&RB 


1N3307&R 


8.2 


1N3788 


1N2973&R 


1N2973B&RB 


1N2807&R 


1N2807B&RB 


1N3308&R 


9.1 


1N3789 


1N2974&R 


1N2974B&RB 


1N2808&R 


1N2808B&RB 


1N3309&R 


10 


1N3790 


1N2975&R 


1N2975B&RB 


1N2809&R 


1N2809B&RB 


1N3310&R 


11 


1N3791 


1N2976&R 


1N2976B&RB 


1N2810&R 


1N2810B&RB 


1N3311&R 


12 


1N3792 
1N3793 
1N3794 
1N3795 
1N3796 
1N3797 


1N2977&R 
1N2979&R 
1N2980&R 
1N2982&R 
1N2984&R 
1N2985&R 


1N2977B&RB 
1N2979B&RB 
1N2980B&RB 
1N2982B&RB 
1N2984B&RB 
1N2985B&RB 


Lvicok lotn 

1N2813&R 
1N2814&R 
1N2816&R 
1N2818&R 
1N2819&R 


1 NOQ1 1 RP.PR 

1N2813B&RB 
1N2814B&RB 
1N2816B&RB 
1N2818B&RB 
1N2819B&RB 


1 09.0 

1N3314&R 
1N3315&R 
1N3317&R 
1N3319&R 
1N3320&R 


13 
15 
16 
18 
20 
22 


1N3798 
1N3799 
1N3800 
1N3801 
1N3802 
1N3803 


1N2986&R 
1N2988&R 
1N2989&R 
1N2990&R 
1N2991&R 
1N2992&R 


1N2986B&RB 
1N2988B&RB 
1N2989B&RB 
1N2990B&RB 
1N2991B&RB 
1N2992B&RB 


1N2820&R 
1N2822&R 
1N2823&R 
1N2824&R 
1N2825&R 
1N2826&R 


1N2820B&RB 
1N2822B&RB 
1N2823B&RB 
1N2824B&RB 
1N2825B&RB 
1N2826B&RB 


1N3321&R 
1N3323&R 
1N3324&R 
1N3325&R 
1N3326&R 
1N3327&R 


24 
27 
30 
33 
36 
39 


1N3804 
1N3805 
1N3806 
1N3807 
1N3808 
1N3809 


1N2993&R 
1N2995&R 
1N2997&R 
1N2999&R 
1N3000&R 
1N3001&R 


1N2993B&RB 
1N2995B&RB 
1N2997B&RB 
1N2999B&RB 
1N3000B&RB 
1N3001B&RB 


1N2827&R 
1N2829&R 
1N2831&R 
1N2832&R 
1N2833&R 
1N2834&R 


1N2827B&RB 
1N2829B&RB 
1N2831B&RB 
1N2832B&RB 
1N2833B&RB 
1N2834B&RB 


1N3328&R 
1N3330&R 
1N3332&R 
1N3334&R 
1N3335&R 
1N3336&R 


43 
47 
51 
56 
62 
68 


1N3810 
1N3811 
1N3812 
1N3813 
1N3814 
1N3815 


1N3002&R 
1N3003&R 
1N3004&R 
1N3005&R 
1N3007&R 
1N3008&R 


1N3002B&RB 
1N3003B&RB 
1N3004B&RB 
1N3005B&RB 
1N3007B&RB 
1N3008B&RB 


1N2835&R 
1N2836&R 
1N2837&R 
1N2838&R 
1N2840&R 
1N2841&R 


1N2835B&RB 
1N2836B&RB 
1N2837B&RB 
1N2838B&RB 
1N2840B&RB 
1N2841B&RB 


1N3337&R 
1N3338&R 
1N3339&R 
1N3340&R 
1N3342&R 
1N3343&R 


75 
82 
91 
100 
110 
120 


1N3816 
1N3817 
1N3818 
1N3819 
1N3820 


1N3009&R 
1N3011&R 
1N3012&R 
1N3014&R 
1N3015&R 


1N3009B&RB 
1N3011B&RB 
1N3012B&RB 
1N3014B&RB 
1N3015B&RB 


1N2842&R 
1N2843&R 
1N2844&R 
1N2845&R 
1N2846&R 


1N2842B&RB 
1N2843B&RB 
1N2844B&RB 
1N2845B&RB 
1N2846B&RB 


1N3344&R 
1N3346&R 
1N3347&R 
1N3349&R 
1N3350&R 


130 
150 
160 
180 
200 
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V 4 m2.4aZ thru 4M200z ! /4 W 

2.4 — 200 V 




Hermetically sealed, all -glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65 °C to +175° C 

D-C Power Dissipation: 1/4 Watt (Derate 1. 67 mW/°C Above 25°C) 



The type numbers specified have a standard voltage (V 7 ) tolerance of ±20%. 
For closer tolerances, add suffix "10" for ±10% or "5" for ±5%. (3%, 2%, 1% 
tolerances also available. See page 2- 4 . ) 



ELECTRICAL CHARACTERISTICS (At 25°C Ambient Vf = 1.5 V max @ 100 mA) 









MAXIMUM 














NOMINAL* 




ZENER 


MAXIMUM 


REVERSE LEAKAGE CURRENT 






ZENER 


TEST 


IMPEDANCE 


DC ZENER 










TYPE NO. 


VOLTAGE 
(V 2 ) VOLTS 


CURRENT 
(In)mA 


(Z n ) ohms 
@ln) 


CURRENT 
(l») mA 


1. MAX 


TEST VOLTAGE Vdc * 






@ln 




(/i A) 




Vr 2 




1/4M2.4AZ 


2.4 


10 


60 


70 


75 


l 


1 




1/4M2.7AZ 


2.7 


10 


60 


65 


75 




1 




1/4M3.0AZ 


3.0 


10 


55 


60 


50 


1 


1 




1/4M3.3AZ 


3.3 


10 


55 


55 


50 


1 


1 




1/4M3.6AZ 


3.6 


10 


50 


52 


50 




1 




1/4M3.9AZ 


3.9 


10 


50 


49 


25 


1 


1 




1/4M4.3AZ 


4.3 


10 


45 


46 


25 


1.5 


1. 


5 


1/4M4.7AZ 


4.7 


10 


35 


42 


10 


1.5 


1. 


5 


1/4M5.1AZ 


5.1 


10 


25 


39 


5 


1.5 


1 


5 


1/4M5. 6AZ 


5.6 


10 


20 


36 


5 


1.5 


1 


5 


1/4M6.2AZ 


6.2 


10 


15 


33 


5 


3.5 


3 


5 


1/4M6.8Z 


6.8 


9.2 


7.0 


33 


150 


5.2 


4. 


9 


1/4M7.5Z 


7.5 


8.3 


8.0 


30 


75 


5.7 


5. 


4 


1/4M8.2Z 


8.2 


7.6 


9.0 


26 


50 


6.2 


5. 


9 


1/4M9.1Z 


9. 1 


6.9 


10 


24 


25 


6.9 


6. 


6 


1/4M10Z 


10 


6.3 


11 


21 


10 


7.6 


7. 


2 


1/4M11Z 


11 


5.7 


13 


19 


5 


8.4 


8 


0 


1/4M12Z 


12 


5.2 


15 


18 


5 


9. 1 


8 


6 


1/4M13Z 


13 


4.8 


18 


16 


5 


9.9 


9 


4 


1/4M14Z 


14 


4.5 


20 


15 


5 


10.6 


10 


1 


1/4M15Z 


15 


4.2 


22 


14 


5 


11.4 


10 


8 


1/4M16Z 


16 


3.9 


24 


13 


5 


12.2 


11 


5 


1/4M17Z 


17 


3.7 


26 


12.5 


5 


13.0 


12 


2 


1/4M18Z 


18 


3.5 


28 


11.5 


5 


13.7 


13 


0 


1/4M19Z 


19 


3.3 


30 


11.0 


5 


14.4 


13 


7 


1/4M20Z 


20 


3. 1 


33 


10.5 


5 


15.2 


14 


4 
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V4M2.4AZ thru V 4 M 200 Z (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C Ambient Vf = 1.5 V max @ 100 mA) 



TYPE NO. 


NOMINAL 
ZENER 
VOLTAGE 

(V,) VOLTS 
@ln 


TEST 
CURRENT 
(In) mA 


MAXIMUM 

ZENER 
IMPEDANCE 

(Z n ) ohms 
@ln) 


MAXIMUM 
DC ZENER 
CURRENT 
(In.) mA 


REVERSE LEAKAGE CURRENT 

1, MAX TEST V0LTAGE Vdc * 

(/i A) v Rh v r , 2 


1/4M22Z 


22 


2. 


8 


40 


9. 


5 


5 


16.7 


15. 8 


1/4M24Z 


24 


2. 


5 


46 


9. 


0 


5 


18. 


2 


17. 3 


1/4M25Z 


25 


2. 


5 


50 


8 


0 


5 


19. 


0 


18.0 


1 / A'&XOn *7 

1/ 4M<2 < Z, 


27 


2 


3 


58 


7 


5 


5 


20. 


6 


19.4 


1/4M30Z 


30 


2 


1 


70 


7 


0 


5 


22. 


8 


21.6 


1/4M33Z 


33 


1 


9 


85 


6 


5 


5 


25. 


1 


23. 8 


1/4M36Z 


36 




7 


100 


6 


o 


5 


27. 


4 


25. 9 


1/4M39Z 


39 


1 


6 


120 


5 


0 


■ 5 


29. 


7 


28. 1 


1 / A\K A "J "7 
1/ 4IV14oZi 


43 


1 


5 


140 


4 


8 


5 


32. 


7 


31.0 


1/4M45Z 


45 


1 


4 


150 


4 


5 


5 


34. 


2 


32.4 


1/4M47Z 


47 


1 


3 


160 


4 


3 


5 


35. 


8 


33.8 


1/4M50Z 


50 


1 


2 


180 


4 


1 


5 


38 


0 


36.0 


1/4M52Z 


52 


1 


2 


200 


4 


0 


5 


39 


5 


37.4 


1 /i4»jCRC7 

1/ 4IW uDZi 


56 


1 


1 


230 


3 


8 


5 


42 


6 


40. 3 


1/4M62Z 


62 


1 


0 


290 


3 


3 


5 


47 


1 


44.6 


1/4M68Z 


68 


0 


92 


350 


3 


0 


5 


51 


7 


49.0 


1/4M75Z 


75 


0 


83 


450 


2 


8 


5 


56 


0 


54.0 


1/4M82Z 


82 


0 


76 


550 


2 


5 


5 


62 


2 


59.0 


1/4M91Z 


91 


0 


69 


700 


2 


3 


5 


69 


2 


65.5 


1/4M100Z 


100 


0 


63 


900 


2 


0 


5 


76 


0 


72.0 


1/4MKJ5Z 


105 


0 


60 


1000 


1 


9 


5 


79 


8 


75.6 


1/4M110Z 


110 


0 


57 


1200 


1 


8 


5 


83 


6 


79.2 


1/4M120Z 


120 


0 


52 


1500 


1 


7 


5 


91 


2 


86.4 


1/4M130Z 


130 


0 


48 


1900 


1 


5 


5 


98 


8 


93.6 


1/4M140Z 


140 


0 


45 


2200 


1 


4 


5 


106 


4 


100.8 


1/4M150Z 


150 


0 


42 


2500 


1 


3 


5 


114 


0 


108.0 


1/4M175Z 


175 


0 


36 


3300 


1 


1 


5 


133 


0 


126.0 


1/4M200Z 


200 


0 


31 


4300 


1 


0 


5 


152 


0 


144.0 



SPECIAL SELECTIONS 1 - Nominal zener voltages between those shown. 

2 — Matched sets: , ^ . _ , 

a. Two or more units ior series connection with specified tolerance on total voltage 1 Standard Tolerances 

b. Two or more units matched to one another with any specified tolerance J are ±5%, ±2%, and —1 ^ 



*V_ — Test Voltage for 5% Tolerance Device 
Rl 

V_, 0 — Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 



1N702 thru 1N745 



Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N746--, 1N957-- and 
1N4370-- series. Absolute maximum rating -junction 
and storage temperature range -65 to +175° C, derated 
1. 67 mW/°C. 



Va W 

2 - 200 V 
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Silicon Zener Diodes 



in 746 thru in 759 ?2™™ v 

1N764A thru IN 759A USN and HI-REL 

lN4370thru 1N4372 

TN4370A thru 1N4372A USN and HI-REL 




Hermetically sealed, all -glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65° C to +175°C 

D-C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3. 2 mW/°C 
Above 50° Ambient) 

TOLERANCE DESIGNATION 

The type numbers shown have tolerance designations as follows: 
1N4370 series: ± 10%, suffix A for ± 5% units. 
1N746 series: ± 10%, suffix A for ± 5% units. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



REVERSE LEAKAGE CURRENT 





NOMINAL 






MAXIMUM 








ZENER VOLTAGE 


TEST 


MAXIMUM ZENER IMPEDANCE 


DC ZENER CURRENT 


T,= 25*C 


T» = 150*C 


TYPE 


V,@l n 


CURRENT 


Zn@ln 


In 


NUMBER 




In 






l,@V,=1V 


U@ V, = 1V 




VOLTS 


mA 


Ohms 


mA 


mA 


mA 


1N4370 


2.4 


20 


30 


150 


100 


200 


1N4371 


2.7 


20 


30 


135 


75 


150 


1N4372 


3.0 


20 


29 


120 


50 


100 


1N746 


3.3 


20 


28 


110 


10 


30 


1N747 


3.6 


20 


24 


100 


10 


30 


1N748 


3.9 


20 


23 


95 


10 


30 


1N749 


4.3 


20 


22 


85 


2 


30 


1N750 


4.7 


20 


19 


75 


2 


30 


1N751 


5.1 


20 


17 


70 


1 


20 


1N752 


5.6 


20 


11 


65 


1 


20 


1N753 


6.2 


20 


7 


60 


0.1 


20 


1N754 


6.8 


20 


5 


55 


0.1 


20 


1N755 


7.5 


20 


6 


50 


0.1 


20 


1N756 


8.2 


20 


8 


45 


0.1 


20 


1N757 


9.1 


20 


10 


40 


0.1 


20 


1N758 


10.0 


20 


17 


35 


0.1 


20 


1N759 


12.0 


20 


30 


30 


0.1 


20 



1N761 thru 1N769 

Recommended for applications requiring an exact re- 
placement only. For new designs see 1N746 -- and 
1N4370 -- series. 
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Silicon Zener Diodes 



lN957thrulN992 

lN962Bthru 1N992BUSN 



400 mW 
6.8 — 200 V 



lN962Bthru 1N984B HI-REL 



CASE 51 

(DO-7) 



Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode 
end when operated in the zener region. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +175°C 

DC Power Dissipation: 400 mW at 50°C Ambient (Derate 3. 2 mw/°C 

above 50° C Ambient. ) 

TOLERANCE DESIGNATIONS 

With no suffix, tolerance is + 20%, for N + 10% units, add suffix A, for + ! 
add suffix B. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



i units, 



TYPE 
NUMBER 


NOMINAL 
ZENER VOLTAGE 
Vi 

VOLTS 


TEST 
CURRENT 
In 
mA 


MAXIMUM ZENER IMPEDANCE 


MAXIMUM 
DC ZENER CURRENT 
In 

mA 


REVERSE LEAKAGE CURRENT 




Zr,@lzr 
Ohms 


Z»@ln 

Ohms 


l» 

mA 


1, MAXIMUM 

(mA) 


TEST VOLTAGE 

v Rl V. 


Vdc* 

V R2 


1N957 


6.8 


18.5 


4.5 


700 


1.0 


47 


150 


5.2 


4.9 


1N958 


7.5 


16.5 


5.5 


700 


0.5 


42 


7f 


5.7 


5.4 


1N959 


8.2 


15 


6.5 


700 


0.5 


38 


50 


6,2 


5.9 


1N960 


9.1 


14 


7.5 


700 


0.5 


35 


25 


6.9 


6.6 


1N961 


10 


12.5 


8.5 


700 


0.25 


32 


10 


7.6 


7.2 


1N962 


11 


11.5 


9.5 


700 


0.25 


28 


5 


8.4 


8.0 


1N963 


12 


10.5 


11.5 


700 


0.25 


26 


5 


9.1 


8.6 


1N964 


13 


9.5 


13 


700 


0.25 


24 


5 


9.9 


9.4 


1N965 


15 


8.5 


16 


700 


0.25 


21 


5 


11.4 


10.8 


1N966 


16 


7.8 


17 


700 


0.25 


19 


5 


12.2 


11.5 


1N967 


18 


7.0 


21 


750 


0.25 


17 


5 


13.7 


13.0 


1N968 


20 


6.2 


25 


750 


0.25 


15 


5 


15.2 


14.4 


1N969 


22 


5.6 


29 


750 


0.25 


14 


5 


16.7 


15.8 


1N970 


. 24 


5.2 


33 


750 


0.25 


13 


5 


18.2 


17. 3 


1N971 


27 


4.6 


41 


750 


0.25 


11 


5 


20.6 


19.4 


1N972 


30 


4.2 


49 


1000 


0.25 


10 


5 


22.8 


21. 6 


1N973 


33 


3.8 


58 


1000 


0.25 


9.2 


5 


25.1 


23'. 8 


1N974 


36 


3.4 


70 


1000 


0.25 


8.5 


5 


27.4 


25.9 


1N975 


39 


3.2 


80 


1000 


0.25 


7.8 


5 


29.7 


28. 1 


1N976 


43 


3.0 


93 


1500 


0.25 


7.0 


5 


32.7 


31.0 


1N977 


47 


2.7 


105 


1300 


0.25 


6.4 


5 


35.8 


33.8 


1N978 


51 


2.5 


125 


1500 


0.25 


5.9 


5 


38.8 


36.7 


1N979 


56 


2.2 


150 


2000 


0.25 


5.4 


5 


42.6 


40.3 


1N980 


62 


2.0 


185 


2000 


0.25 


4.9 


5 


47.1 


44. 6 


1N981 


68 


1.8 


230 


2000 


0.25 


4.5 


5 


51.7 


49.0 


1N982 


75 


1.7 


270 


2000 


0.25 


4.0 


5 


56.0 


54.0 


1N983 


82 


1.5 


330 


3000 


0.25 


3.7 


5 


62.2 


59.0 


1N984 


91 


1.4 


400 


3000 


0.25 


3.3 


5 


69.2 


65.5 


1N985 


100 


1.3 


500 


3000 


0.25 


3.0 


5 


76.0 


72.C 


1N986 


110 


1.1 


750 


4000 


0.25 


2.7 


5 


83.6 


79.2 


1N987 


120 


1.0 


900 


4500 


0.25 


2.5 


5 


91.2 


86.4 


1N988 


130 


0.95 


1100 


5000 


0.25 


2.3 


5 


98.8 


93.6 


1N989 


150 


0.85 


1500 


6000 


0.25 


2.0 


5 


114.0 


108.0 


1N990 


160 


0.80 


1700 


6500 


0.25 


1.9 


5 


121.6 


115.2 


1N991 


180 


0.68 


2200 


7100 


0.25 


1.7 


5 


136.8 


129.6 


1N992 


200 


0.65 


2500 


8000 


0.25 


1.5 


5 


152.0 


144.0 



SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
2 — Matched sets: 

a. Two or more units for series connection with specified tolerance on total voltage 

b. Two or more units matched to one another with any specified tolerance 



Standard Tolerances 

are ±5%, ±2%, and ±1% 



V R2 — Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 
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Silicon Zener Diodes 

1N1313 thru in1327 



150 mW 

8.75 -127.5 V 



Very low power zener diodes with standard ±10% toler- 
ances. Available with ±5% tolerance by adding suffix 
"A" to type number. 

Standard cathode -to- case polarity. 



MAXIMUM RATINGS 

Junction and Storage Temperature Range: -65 to +175°C (Derate 1 mW/°C 
above 25° C). 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 





Nominal 
Voltage 
V z @I zt = 200mA 
volts 


Max Reverse Current 


Test 
Voltage 

v R 

volts 






Nominal 
Voltage 
V z @Izt = 200 i.A 
volts 


Max Reverse Current 


Test 
Voltage 

Vr 

volts 


Type 


T A = 25°C 
Ir@V r 
mA 


T A = 100 C C 

u@v R 




Type 


Ta = 25 C 
Ir@V r 
mA 


T A = 100 C 

u@v R 


1N1313 


8.75 


0.5 


5 


6.8 




1N1318 


23.50 


0.1 


10 


18 


1N1314 


10.50 


0.5 


5 


8.2 




1N1319 


28.50 


0.1 


10 


22 


1N1315 


12.75 


0.5 


5 


10 




1N1320 


34.50 


0.1 


10 


27 


1N1316 


15.75 


0.5 


5 


12 




1N1321 


41.00 


0.1 


10 


33 


1N1317 


19.00 


0.5 


5 


15 




1N1322 


48.50 


0.1 


10 


39 



Type 


Nominal 
Voltage 
V z @ Izt = 200 A 
volts 


Max Reverse Current 


Test 
Voltage 
V R 
volts 


T A - 25 C C 
Ir@Vr 

>a 


T A = 100 C 

U@v R 


1N1323 


58.00 


0.1 


10 


47 


1N1324 


71.00 


1.0 


50 


56 


1N1325 


87.50 


1.0 


50 


68 


1N1326 


105.0 


1.0 


50 


82 


1N1327 


127.5 


1.0 


50 


100 



Standard types are ±10% tolerance; suffix "A" denotes ±5% tolerance. 



INI 3 51 thru in1375 



Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 




ID W 

10 - 100V 
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Silicon Zener Diodes 



1N1507 thrulNlSU 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1-watt, 1N3016 and 
1N3821 series. 



1n!518 thru in! 528 



% W 

3.9 - 27 V 



1 W 

3.9 -27 V 



\ Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N3016 and 
1N3821 series. 



3.5 W 

INl588thrulNi598 3.9 -27 V 

Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 and 1N3993 
series. 

CASE 56 

(DO-4) 




IN1599 thru IN 



10W 

3.9 -27 V 



CASE 56 

(DO-4) 




Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N2970 and 
1N3993 series. 



1 N 1765 thru INI 802 5.6 -200 V 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3016 series. 
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Silicon Zener Diodes 



INI 803 thru 1N1836 



TOW 

5.6 - 200 V 



CASE 56 

(DO-4) 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 and 1N3993 
series. 



IN2008 thrulN2012 



10W 
100- 



150V 



CASE 56 

(DO-4) 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 



in2032 thru in2 040 



3/4 W 

4.3 -12 V 



CASE 52 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3821 and 1N3016 
series. 



in2041 thru in2049 



10W 

4.3 - 27 V 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3993 and 1N2970 
series. 



CASE 56 

(DO-4) 



in 2498 thru in2 500 



10 W 
10- 12 V 




Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 



CASE 56 

(DO-4) 
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Silicon Zener Diodes 

TO-3 Package 50 W 

1 N 28(0)4 thru 1 n2846 (6.8 V thru 200 V) 

1N2804B and RB thru 1N2846B and RBJAN 

1N2804B thru 1N2846B HI-REL 

1 N4557 thru 1 N4564 (3.9 V thru 7.5 V) 
Stud Package 

1 N3305 thru 1 N3350 (6.8 V thru 200 V) 
1 N4549 thru 1 N4556 (3.9 V thru 7.5 V) 




Units are available with anode-to-case and cathode- 
to-case connections (standard and reverse polarity). 
For reverse poiarity, add suffix "R" to type number. 



(stud package) 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 

D-C Power Dissipation: 50 Watts. (Derate 0. 5 W/°C above 75°C). 
TOLERANCE DESIGNATION 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. See page 2-4. ) 



TO-3 APPLICATIONS INFORMATION 

If these units are used with a socket, the unregulated line should be connected 
to one pin through a suitable current limiting resistor and the load should be 
connected to the other pin. The load will now be disconnected from the line if 
the unit is removed from the socket. 

Typical circuit connections for anode-to-case and cathode-to-case polarities 
(standard and reverse polarities, respectively) are shown below: 

CURRENT CIRCUIT CONNECTIONS 
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Silicon Zener Diodes 



1N2804 thru 1N2846 (continued) 



ELECTRICAL CHARACTERISTICS 

(Tc = 30°C unless otherwise specified) Vf = 1.5 V max @ 10 A on all types. 



50 Watt (T0-3) 


50 Watt (Stud) 


Nominal 
Zener Voltage 


Test 
Current 


Max Zener Impedance 


Max DC Zener 

Current 
75°C Case Temp 

(W mA 


REVERSE * 
LEAKAGE CURRENT 


Typical 
Zener 
Voltage 


@I Z7 
(V z ) Volts 


(l ZT ). 
mA 


z ZT @i ZT 

ohms 


Z ZK @ l ZK — 5mA 
ohms 


l R MAX 
(mA) 






Temp. Coeff. 

%/°C 


1N4557 
1N4558 
1N4559 
1N4560 
1N4561 
1N4562 


1N4549 
1N4550 
1N4551 
1N4552 
1N4553 
1N4554 


3.9 
4.3 
4.7 
5.1 
5.6 
6.2 


3200 
2900 
2650 
2450 
2250 
2000 


0.16 
0.16 
0.12 
0.12 
0.12 
0.14 


400 
500 
600 
650 
900 
1000 


11900 
10650 
9700 
8900 
8100 
7300 


150 
150 
100 
20 
20 
20 


0.5 
0.5 
1.0 
1.0 
1.0 
2.0 


0.5 
0.5 
1.0 
1.0 
1.0 
2.0 


-.025 
-.025 
.010 
.015 
.030 
.040 


1N2804 
1N4563 
1N2805 
1N4564 
1N2806 
1N2807 


1N3305 
1N4555 
1N3306 
1N4556 
1N3307 
1N3308 


6.8 
6.8 
7.5 
7.5 
8.2 
9.1 


1850 
1850 
1700 
1650 
1500 
1370 


0.2 
0.16 
0.3 
0.24 
0.4 
0.5 


70 
200 

70 
100 

70 

70 


6600 
6650 
5900 
6050 
5200 
4800 


150 
10 
75 
10 
50 
25 


4.5 
2.0 
5.0 
3.0 
5.4 
6.1 


4.3 
2.0 
4.7 
3.0 
5.2 
5.7 


.040 
.045 
.045 
.053 
.048 
.051 


1N2808 
1N2809 
1N2810 
1N2811 
1N2812 
1N2813 


1N3309 
1N3310 
1N3311 
1N3312 
1N3313 
1N3314 


10 
11 
12 
13 
14 
15 


1200 
1100 
1000 
960 
890 
830 


0.6 
0.8 
1.0 
1.1 
1.2 
1.4 


80 
80 
80 
80 
80 
80 


4300 
3900 
3600 
3300 
3000 
2800 


10 
5 
5 
5 
5 
5 


6.7 
8.4 
9.1 
9.9 
10.6 
11.4 


6.3 
8.0 
8.6 
9.4 
10.1 
10.8 


.055 
.060 
.065 
.065 
.070 
.070 


1N2814 
1N2815 
1N2816 
1N2817 
1N2818 
1N2819 


1N3315 
1N3316 
1N3317 
1N3318 
1N3319 
1N3320 


16 
17 
18 
19 
20 
22 


780 
740 
700 
660 
630 
570 


1.6 
1.8 
2.0 
2.2 
2.4 
2.5 


80 
80 
80 
80 
80 
80 


2650 
2500 
2300 
2200 
2100 
1900 


5 
5 
5 
5 
5 
5 


12,2 
13.0 
13.7 
14.4 
15.2 
16.7 


11.5 
12.2 
13.0 
13.7 
14.4 
15.8 


.070 
.075 
.075 
.075 
.075 
.080 


1N2820 
1N2821 
1N2822 
1N2823 
1N2824 
1N2825 


1N3321 
1N3322 
1N3323 
1N3324 
1N3325 
1N3326 


24 
25 
27 
30 
33 
36 


520 
500 
460 
420 
380 
350 


2.6 
2.7 
2.8 
3.0 
3.2 
3.5 


80 
90 
90 
90 
90 
90 


1750 
1550 
1500 
1400 
1300 
1150 


5 
5 
5 
5 
5 
5 


18.2 
19.0 
20.6 
22.8 
25.1 
27.4 


17.3 
18.0 
19.4 
21.6 
23.8 
25.9 


.080 
.080 
.085 
.085 
.085 
.085 


1N2826 
1N2827 
1N2828 
1N2829 
1N2830 
1N2831 


1N3327 
1N3328 
1N3329 
1N3330 
1N3331 
1N3332 


39 
43 
45 
47 
50 
51 


320 
290 
280 
270 
250 
245 


4.0 
4.5 
4.5 
5.0 
5.0 
5.2 


90 
90 
100 
100 
100 
100 


1050 
975 
930 
880 
830 
810 


5 
5 
5 
5 
5 
5 


29.7 
32.7 
34.2 
35.8 
38.0 
38.8 


28.1 
31.0 
32.4 
33.8 
36.0 
36.7 


.090 
.090 
.090 
.090 
.090 
.090 


1N2832 
1N2833 
1N2834 
1N2835 
1N2836 


1N3333 
1N3334 
1N3335 
1N3336 
1N3337 
1N3338 


52 
56 
62 
68 
75 
82 


240 
220 
200 
180 
170 
150 


5,5 
6 
7 
8 
9 
11 


100 
110 
120 
140 
150 
160 


790 
740 
660 
600 
540 
490 


5 
5 
5 
5 
5 
5 


39.5 
42.6 
47.1 
51.7 
56.0 
62.2 


37.4 
40.3 
44.6 
49.0 
54.0 
59.0 


.090 
.090 
.090 
.090 
.090 
.090 


1N2837 
1N2838 
1N2839 
1N2840 
1N2841 
1N2842 


1N3339 
1N3340 
1N3341 
1N3342 
1N3343 
1N3344 


91 
100 
105 
110 
120 
130 


140 
120 
120 
110 
100 
95 


15 
20 
25 
30 
40 
50 


180 
200 
210 
220 
240 
275 


420 
400 
380 
365 
335 
310 


5 
5 
5 
5 
5 
5 


69.2 
76.0 
79.8 
83.6 
91.2 
98.8 


65.5 
72.0 
75.6 
79.2 
86.4 
93.6 


.090 
.090 
.095 
.095 
.095 
.095 


1N2843 
1N2844 

1N2845 
1N2846 


1N3345 
1N3346 
1N3347 
1N3348 
1N3349 
1N3350 


140 
150 
160 
175 
180 
200 


90 
85 
80 
70 
68 
65 


60 
75 
80 
85 
90 
100 


325 
400 
450 
500 
525 
600 


290 
270 
250 
230 
220 
200 


5 
5 
5 
5 
5 
5 


106.4 
114.0 
121.6 
133.0 
136.8 
152.0 


100.8 
108.0 
115.2 
126.0 
129.6 
144.0 


.095 
.095 
.095 
.095 
.095 
.100 



SPECIAL SELECTIONS 



1— Nominal zener voltages between those shown. 

2— Matched sets: a. Two or more units for series connections with specified tolerance on total voltage ) Standard Tolerances 

b. Two or more units matched to one another with any specified tolerance j are ± 5%, ± 2%, and 4 1%. 



*V R1 - Test Voltage for 5% Tolerance Device 
V R2 ~ Test Volta S e for 10 % Tolerance Device 
No Leakage Specified as 20% Tolerance Device 
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Silicon Zener Diodes 

1N2804 thru 1N2846 (continued) 



FIGURE 1 - TEMPERATURE CHARACTERISTICS 
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FIGURE 2 - 

POWER-TEMPERATURE DERATING CURVE FIGURE 3 - LEAKAGE CURRENT 



z TYPI 


ALL 


1.1 


0 


A 


OF Th 


E DEVICES FALL WITHIN THE INDICATED RANGE. : 
(1) Below 6.8 V 


























it 
(2) Ab 


L or 
ove 6 
= 0 


.8\ 
8V 


ru 

(V 


K 
Z( 


R 

NO^ 


INAL) - 


V(T 


DLE 


RA 


NC 


E |); 


















































































b(2) = 






















































































































































vl 1 II 1 1 



























































0 25 50 75 100 125 150 175 1 10 100 1000 

T c , CASE TEMPERATURE (°C) V z , NOMINAL BREAKDOWN VOLTAGE (VOLTS) 



FIGURE 4 - ZENER IMPEDANCE 
versus ZENER CURRENT 




1 10 100 1000 10,000 

l z , ZENER CURRENT (mA) 



2-17 



■ Silicon Zener Diodes • 



lN2970thrulN3015 I« W ,nnw 

6.8 — 200 V 

1N2970B, RB thru 1N3015B, RBJAN 
1N2970B, RB thru 1N3015B, RB HI-REL 



Diffused -junction zener diodes for both military and 
high -reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand- 
ard and reverse polarity), i.e. , 1N2970 and 1N2970R. 
CASE 56 \\ Supplied with mounting hardware. 

(DO-4) 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65 °C to +175°C. 

D-C Power Dissipation: 10 Watts. (Derate 83. 3 mW/°C above 55°C). 




The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. See page 2-4. ) 



ELECTRICAL CHARACTERISTICS (At 30°C case temperature unless otherwise specifiecj) 

Vf = 1.5V max @ If = 2 ampon all types. 



Type No. 



Nominal 
Zener Voltage 
V z @ l ZT 
Volts 



Test 
Current 

lZT 

mA 



Max Zener Impedance 



Ohms 



Z 2K @ l Z K 

Ohms 



l» 
mA 



Max DC Zener 
Current 
Izm mA 



REVERSE LEAKAGE CURRENT * 



la Max 
0*A) 



1N2970 


6.8 


370 


1.2 


500 


1.0 


1,320 


150 


5.2 


4.9 


1N2971 


7.5 


335 


1.3 


250 


1.0 


1,180 


75 


5.7 


5.4 


1N2972 


8.2 


305 


1.5 


250 


1.0 


1,040 


50 


6.2 


5.9 


1N2973 


9.1 


275 


2.0 


250 


1.0 


960 


25 


6.9 


6.6 


1N2974 


10 


250 


3 


250 


1.0 


860 


10 


7.6 


7.2 


1N2975 


11 


230 


3 


250 


1.0 


780 


5 


8.4 


8.0 


1N2976 


12 


210 


3 


250 


1.0 


720 


5 


9.1 


8.6 


1N2977 


13 


190 


3 


250 


1.0 


660 


5 


9.9 


9.4 


1N2978 


14 


180 


3 


250 


1.0 


600 


5 


10.6 


10.1 


1N2979 


15 


170 


3 


250 


1.0 


560 


5 


11.4 


10.8 


1N2980 


16 


155 


4 


250 


1.0 


530 


5 


12.2 


11.5 


1N2982 


18 


140 


4 


250 


1.0 


460 


5 


13.7 


13.0 


1N2983 


19 


130 


4 


250 


1.0 


440 


5 


14.4 


13.7 


1N2984 


20 


125 


4 


250 


1.0 


420 


5 


15.2 


14.4 


1N2985 


22 


115 


5 


250 


1.0 


380 


5 


16.7 


15.8 


1N2986 


24 


105 


5 


250 


1.0 


350 


5 


18.2 


17.3 


1N2988 


27 


95 


7 


250 


1.0 


300 


5 


20.6 


19.4 


1N2989 


30 


85 


8 


300 


1.0 


280 


5 


22.8 


21.6 


1N2990 


33 


75 


9 


300 


1.0 


260 


5 


25.1 


23.8 


1N2991 


36 


70 


10 


300 


1.0 


230 


5 


27.4 


25.9 
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Silicon Zener Diodes 



1N2970 thru 1N3015 (continued) 



ELECTRICAL CHARACTERISTICS (At 30°C case temperature unless otherwise specified) 

Vf = 1.5 V max @ If = 2 amp on all types. 



Nominal Max Zener Impedance reverse leakage current * 

Zener Voltage Test Max DC Zener 

V z @ l ZT Current Current 

Type No. Volts l zr Z ZT @ l zr Z ZK @ l ZK l ZK l ZM mA l a Max V RI V RJ 

mA Ohms Ohms mA ( M A) 



1N2992 




65 


1 1 


300 


1.0 


210 


5 






1N2993 


43 


60 


12 


400 


1.0 


195 


5 


32.7 


31.0 


1N2995 


47 


55 


14 


400 


1.0 


175 


5 


35.8 


33.8 


1N2996 


50 


50 


15 


500 


1.0 


165 


5 


38.0 


36.0 


1N2997 


51 


50 


15 


500 


1.0 


163 


5 


38.8 


36.7 


1N2998 


52 


50 


15 


500 


1.0 


160 


5 


39.5 


37.4 


1N2999 


56 


45 


16 


500 


1.0 


150 


5 


42.6 


40.3 


1N3000 


62 


40 


17 


600 


1.0 


130 


5 


47.1 


44.6 


1N3001 


68 


37 


18 


600 


1.0 


120 


5 


51.7 


49.0 


1N3002 


75 


33 


22 


600 


1.0 


110 


5 


56.0 


54.0 


1N3003 


82 


30 


25 


700 


1.0 


100 


5 


62.2 


59.0 


1N3004 


91 


28 


35 


800 


1.0 


85 


5 


69.2 


65.5 


1N3005 


100 


25 


40 


900 


1.0 


80 


5 


76.0 


72.0 


1N3006 


105 


25 


45 


1,000 


1.0 


75 


5 


79.8 


75.6 


1N3007 


110 


23 


55 


1,100 


1.0 


72 


5 


83.6 


79.2 


1N3008 


120 


20 


75 


1,200 


1.0 


67 


5 


91.2 


86.4 


1N3009 


130 


19 


100 


1,300 


1.0 


62 


5 


98.8 


93.6 


1N3010 


140 


18 


125 


1,400 


1.0 


58 


5 


106.4 


100.8 


1N3011 


150 


17 


175 


1,500 


1.0 


54 


5 


114.0 


108.0 


1N3012 


160 


16 


200 


1,600 


1.0 


50 


5 


121.6 


115.2 


1N3014 


180 


14 


260 


1,850 


1.0 


45 


5 


136.8 


129.6 


1N3015 


200 


12 


300 


2,000 


1.0 


40 


5 


152.0 


144.0 



SPECIAL SELECTIONS 1 - Nominal zener voltages between those shown. 
2 — Matched sets: 

a. Two or more units for series connection with specified tolerance on total voltage ) Standard Tolerances 

b. Two or more units matched to one another with any specified tolerance ) are ±5%, ±2%, and±l% 

♦V, — Test Voltage for 5% Tolerance Device 
Rl 



■ Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 



1N3016thru in3051 

1N3016B thru 1N3051B USN/JAN 
1N3016B thru 1N3051B HI-REL 



CASE 52 




Hermetically sealed package, with 36 standard volt- 
age ratings and 5%, 10% and 20% standard tolerances. 
Cathode connected to case. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt. (Derate 6. 67 mW/°C above 25°C). 



The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. See page 2-4.) 
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Silicon Zener Diodes 



lN3016thru 1N3051 (continued) 



ELECTRICAL CHARACTERISTICS 

(At 25°C case temperature unless otherwise specified) 

V> = 1.5 Vmax <n 200 mA on all types 









Max Zener Impedance 


REVERSE LEAKAGE CURRENT 


* 






Nominal 


















Typical 




7onfir Unltanro 
teller VUlldgC 


Tact 














Max DC Zener Zener Voltage 


Tuna Mn 

type no. 


V (a) 1 
Vz Iff Izt 


burreni 














Current 


Temp. Coeff. 




Volts 


Izt 


ZZT@|ZT 


Z»@l« 




1. Max 


Vn 


v» 


Izm mA 


%/°C 






mA 


Ohms 


Ohms 


mA 


(i"A) 










1N3016 


6.8 


37 


3.5 


700 


1.0 


150 


5.2 


4.9 




. 040 


1N3017 


7.5 


34 


4.0 


700 


0.5 


75 


5.7 


5.4 


120 


. 045 


1N3018 


8.2 


31 


4. 5 


700 


0. 5 


50 


6. 2 


5 9 


105 


. 048 


1N3019 


9. 1 


28 


5. 0 


700 


0. 5 


25 


6. 9 


6. 6 


95 


.051 


1N3020 


10 


25 


7 


700 


0.25 


10 


7.6 


7.2 


85 


. UDD 


1N3021 


11 


23 


8 


700 


0. 25 


5 


8.4 


8.0 


75 


. UDU 


1N3022 


12 


21 


g 


700 


0. 25 


5 


9. 1 


8. 6 


70 


. UDD 


1N3023 


13 


19 


10 


700 


0. 25 


5 


9. 9 


9. 4 


65 


.065 


1N3024 


15 


17 


14 


700 


0.25 


5 


11.4 


10.8 


56 


. 070 


1N3025 


16 


15.5 


16 


700 


0. 25 


5 


12.2 


11.5 


53 


. 070 


1N3026 


18 


14 




750 


0. 25 


5 


13. 7 


13. 0 


AR 
3D 


. 075 




20 


12. 5 


22 


750 


0. 25 


5 


15. 2 


14. 4 


42 


.075 


1N3028 


22 


11.5 


23 


750 


0.25 


5 


16. 7 


15. 8 


OO 


nan 


1N3029 


24 


10.5 


25 


750 


0. 25 


5 


18.2 


17.3 


35 


080 


1N3030 


27 


9.5 


35 


750 


0. 25 


5 


20. 6 


19. 4 


30 


085 


1N3031 


30 


8. 5 


40 


1, 000 


0. 25 


5 


22. 8 


21. 6 


28 


.085 


1N3032 


33 


7.5 


45 


1,000 


0. 25 


5 


25. 1 


23.8 


26 


. 085 


1N3033 


36 


7.0 


50 


1,000 


0.25 


5 


27.4 


25.9 


24 


. 085 


1N3034 


39 


6. 5 


60 


1, 000 


0. 25 


5 


29. 7 




20 


. 090 




43 


6. 0 


70 


1, 500 


0. 25 


^ 


32. 7 


31 0 


19 


.090 


1N3036 


47 


5. 5 


80 


1,500 


0.25 


5 


35.8 


33.8 


17 


.090 


1N3037 


51 


5.0 


95 


1, 500 


0. 25 


5 


38. 8 


36. 7 


16 


.090 


1N3038 


56 


4. 5 


110 


2^000 


0.25 


5 


42.6 


40.3 


15 


.090 


1N3039 


62 


4.0 


125 


2,000 


0.25 


5 


47.1 


44.6 


13 


.090 


1N3040 


68 


3.7 


150 


2,000 


0.25 


5 


51.7 


49.0 


12 


.090 


1N3041 


75 


3.3 


175 


2,000 


0.25 


5 


56.0 


54.0 


11 


.090 


1N3042 


82 


3.0 


200 


3,000 


0.25 


5 


62.2 


59.0 


10 


.090 


1N3043 


91 


2. 8 


250 


3,000 


0. 25 


5 


69.2 


65. 5 


9 


.090 


1N3044 


100 


2. 5 


350 


3,000 


0.25 


5 


76.0 


72.0 


8 


.090 


1N3045 


110 


2.3 


450 


4,000 


0. 25 


5 


83.6 


79.2 


7.2 


.095 


1N3046 


120 


2.0 


550 


4,500 


0.25 


5 


91.2 


86.4 


7.0 


.095 


1N3047 


130 


1.9 


700 


5, 000 


0.25 


5 


98.8 


93.6 


6.0 


.095 


1N3048 


150 


1.7 


1,000 


6,000 


0.25 


5 


114.0. 


108. 0 


5.5 


.095 


1N3049 


160 


1.6 


1, 100 


6, 500 


0.25 


5 


121.6 


115.2 


5.2 


.095 


1N3050 


180 


1.4 


1,200 


7,000 


0. 25 


5 


136.8 


129.6 


4.6 


.095 


1N3051 


200 


1.2 


1,500 


8,000 


0. 25 


5 


152.0 


144.0 


4.0 


.100 



SPECIAL SELECTIONS 1 - Nominal zener voltages between those shown. 
2 — Matched sets: 

a. Two or more units for series connection with specified tolerance on total voltage ) Standard Tolerances 

b. Two or more units matched to one another with any specified tolerance I are ±5%, :t2%, and ±1 % 



*V_ . - Test Voltage for 5% Tolerance Device 
Kl 

V R2 - Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 
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Silicon Zener Diodes 

in3305 thru in 33 50 

For Specifications, see 1N2804 data sheet. 



in3675 thru in3703 



Oxide passivated silicon zener diodes in void -free sili- 
cone polymer case. Offer 3/4 Watt performance in a 
package no larger in volume than a conventional 400 mW 
glass package. 



MAXIMUM RATINGS 
Junction and Storage Temperature: -65°C to+175°C. 
D-C Power Dissipation: 750 Milliwatts at 50° C Ambient. 
(Derate 6 mW/°C) 

Lead Temperature, 1/16 ± 1/32 inch from case: +235°C for 12 seconds. 
(Method 2031, MIL-STD-750). 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "A" for ±10% units or "B" for ±5% units. 

ELECTRICAL CHARACTERISTICS 25°C Ambient Vf = 1.5V @ If = 200 mA for all units) 



Type No. 


Nominal 
Zener Voltage 

V Z @ IZT 

Volts 


Test 
Current 
Izt 
mA 


Max Zener Impedance 


Max DC Zener 
Current 
Izm mA 


Ir = 5#A 
Max @ 
Reverse 
Voltage 


Typical 
Zener 
Voltage 
Temp. Coeff. 

%/°C 


Zzt @ Izt Zz 
Ohms 


K @ IZK 

Ohms 


1N3675 


6.8 


18.5 


4.5 


700 


100 


5.2 


4.9 


1N3676 


7.5 


16.5 


5.5 


700 


90 


5.7 


5.4 


1N3677 


8.2 


15.0 


6.5 


700 


80 


6.2 


5.9 


1N3678 


9.1 


14.0 


7.5 


700 


70 


6.9 


6.2 


1N3679 


10 


12. 


5 


8.5 


700 


65 


7.6 


7.2 


1N3680 


11 


11. 


5 


9.5 


700 


55 


8.4 


8.0 


1N3681 


12 


10 


5 


11.5 


700 


53 


9.1 


8.6 


1N3682 


13 


9 


5 


13.0 


700 


50 


9.9 


9.4 




14 


9 


0 


14.5 


700 


45 


10.6 


10. 1 


1N3683 


15 


8 


5 


16.0 


700 


42 


11.4 


10.8 


1N3684 


16 


7 


8 


17.0 


700 


40 


12.2 


11.5 




17 


7 


2 


19.0 


700 


38 


13.0 


12.2 


1N3685 


18 


7 


0 


21.0 


750 


35 


13.7 


13.0 




19 


6 


5 


23.0 


750 


33 


14.4 


13.7 


1N3686 


20 


6 


2 


25.0 


750 


32 


15.2 


14.4 


1N3687 


22 


5 


6 


29.0 


750 


29 


16.7 


15.8 


1N3688 


24 


5 


2 


33.0 


750 


26 


18.2 


17.3 




25 


5 


0 


36.0 


750 


24 


19.0 


18.0 


1N3689 


27 


4 


6 


41.0 


750 


23 


20.6 


19.4 


1N3690 


30 


4 


2 


49.0 


1000 


21 


22.8 


21.6 


1N3691 


33 


3 


8 


58.0 


1000 


20 


25. 1 


23.8 


1N3692 


36 


3 


4 


70.0 


1000 


18 


27.4 


25.9 


1N3693 


39 


3 


2 


80.0 


1000 


15 


29.7 


28. 1 


1N3694 


43 


3 


0 


93.0 


1500 


14 


32.7 


31.0 




45 


2 


8 


99.0 


1500 


13.5 


34.2 


32.4 


1N3695 


47 


2 


7 


105.0 


1500 


13 


35.8 


33.8 


1N3696 


51 


2 


5 


125.0 


1500 


12.2 


38.8 


36.7 


1N3697 


56 


2 


2 


150.0 


2000 


11 


42.6 


40.3 


1N3698 


62 


2 


0 


185.0 


2000 


10 


47. 1 


44.6 


1N3699 


68 


1 


8 


230.0 


2000 


9 


51.7 


49.0 


1N3700. 


75 


1 


7 


270.0 


2000 


8.5 


56.0 


54.0 


1N3701 


82 


1 


5 


330.0 


3000 


7.5 


62.2 


59.0 


1N3702 


91 


1 


4 


400.0 


30U0 


7 


69.2 


65.5 


1N3703 


100 


1 


3 


500.0 


3000 


6 


76.0 


72.0 



3 /4 W 

6.8- 100 V 
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Silicon Zener Diodes 



in3785 thru in3820 



CASE 55 




1.5 W 

6.8 - 200 V 



Low silhouette single -ended package for printed circuit 
or socket mounting. Cathode connected to case, but 
reverse polarity available on special order. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1. 5 Watts. (Derate 10 mW/°C) 

The type numbers shown have a standard tolerance of ±20% on the zener volt- 
age. Standard tolerances of ±10% and ±5% on individual units are also available 
and are indicated by suffixing " A Tt for ±10% and "B" for ±5% unit to the standard 
type number. 

ELECTRICAL CHARACTERISTICS ©wcAmwemv, = 1.5 v 0 it»m«@ 300 mA 



Max Zener Impedance 



REVERSE LEAKAGE CURRENT* 





Nominal 


Test 
















Voltage 




Zener* Voltage 


Current 
















Temp. Coeff. 


Type No. 


Vz @ Izt 


Izt 


Z„@lrr 


Z ohms 


Ik 


Max DC Zener 


UMax 






%/'C 




Volts 


mA 


ohms 




mA 


Current 
Iim mA 


V**V 


u 

*«. 


»M 




1N3785 


6.8 


55 


2.7 


700 


1.0 


195 


150 


5. 2 


4.9 


.040 


1N3786 


7.5 


50 


3.0 


700 


0.5 


175 


75 


5.7 


5.4 


.045 


1N3787 


8.2 


46 


3.5 


700 


0.5 


155 


50 


6.2 


5.9 


.048 


1N37B8 


9.1 


41 


4.0 


700 


0.5 


140 


25 


6.9 


6.6 


.051 


1N3789 


10 


37 


5 


700 


0. 25 


125 


10 


7.6 


7.2 


.055 


1N3790 


11 


34 


6 


700 


0. 25 


115 


5 


8.4 


8.0 


.060 


1N3791 


12 


31 


7 


700 


0. 25 


105 


5 


9.1 


8.6 


.065 


1N3792 


13 


29 


8 


700 


0. 25 


98 


5 


9.9 


9.4 


.065 


1N3793 


15 


25 


10 


700 


0.25 


85 


5 


11.4 


10.8 


.070 


1N3794 


16 


23 


11 


700 


0.25 


80 


5 


12.2 


11.5 


.070 


1N3795 


18 


21 


13 


750 


0. 25 


70 


5~~ 


13.7 


13.0 


.075 


1N3796 


20 


19 


15 


750 


0. 25 


62 


5 


15.2 


14.4 


.075 


1N3797 


22 


17 


16 


750 


0. 25 


56 


5 


16.7 


15.8 


.080 


1N3798 


24 


16 


17 


750 


0.25 


51 


5 


18.2 


17.3 


.080 


1N3799 


27 


14 


20 


750 


0.25 


46 


5 


20.8 


19.4 


.085 


1N3800 


30 


12 


25 


1,000 


0.25 


41 


5 


22.8 


21.8 


.085 


1N3801 


33 


11 


30 


1,000 


0. 25 


38 


5 


25.1 


23.8 


.085 


1N3802 


36 


10 


35 


1,000 


0. 25 


35 


5 


27.4 


25.9 


.085 


1N3803 


39 


10 


40 


1,000 


0. 25 


31 


5 


29.7 


28.1 


.090 


1N3804 


43 


9.0 


45 


1, 500 


0.25 


28 


5 


32.7 


31.0 


.090 


1N3805 


47 


8.0 


55 


1, 500 


0.25 


26 


5 


35.8 


33.8 


.090 


1N3806 


51 


7.4 


65 


2,000 


0.25 


24 


5 


38.8 


36.6 


.090 


1N3807 


56 


6.7 


75 


2,000 


0. 25 


22 


5 


42.6 


40.3 


.090 


1N3808 


62 


6.0 


85 


2,000 


0.25 


20 


5 


47.1 


44.6 


.090 


1N3809 


68 


5.5 


95 


2,000 


0. 25 


18 


5 


51.7 


49.0 


.090 


1N3810 


75 


5.0 


110 


2,000 


0. 25 


16 


5 


56.0 


54.0 


.090 


1N3811 


82 


4.5 


130 


3,000 


0. 25 


14 


5 


62.0 


59.0 


.090 


1N3812 


91 


4.1 


150 


3,000 


0. 25 


13 


5 


69.2 


65.5 


.090 


1N3813 


100 


3.7 


200 


3,000 


0. 25 


12.0 


5 


76.0 


72.0 


.090 


1N3814 


110 


3.4 


300 


4,000 


0. 25 


11.0 


5 


83.6 


79.2 


.095 


1N3815 


120 


3.1 


350 


4,500 


0. 25 


10.5 


5 


91.2 


86.4 


.095 


1N3816 


130 


2.9 


400 


5,000 


0. 25 


9.0 


5 


98.8 


93.6 


.095 


1N3817 


150 


2.5 


700 


6,000 


0. 25 


8.0 


5 


114.0 


108.0 


.095 


1N3818 


160 


2.3 


750 


6, 500 


0. 25 


8.0 


5 


121.8 


115.0 


.095 


1N3819 


180 


2.1 


800 


7,000 


0. 25 


7.0 


5 


137.0 


130.0 


.095 


1N3820 


200 


1.9 


1,000 


8,000 


0. 25 


6.0 


5 


152.0 


144.0 


.100 



SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
2 — Matched sets: 

a. Two or more units for series connection with specified tolerance on total voltage ) Standard Tolerances 

b. Two or more units matched to one another with any specified tolerance f are ±5%. ±2%, and ±1% 



V R2 - Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 



2-22 



Silicon Zener Diodes 

IN 3821 thru IN 3830 
1N3821A thru 1N3828A USN/JAN 
lN3821Athru 1N3828A HI-REL 



Low-voltage, alloy -junction zener diodes in hermeti- 
cally sealed package with cathode connected-to-case. 
Available as standard industrial types as well as for 
military and high -reliability applications. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 

D-C Power Dissipation: 1 Watt.(Derate 6. 67 mW/°C above 25°C) 



The type numbers shown have a standard tolerance on the nominal zener volt- 
age of ±10%. A standard tolerance of ±5% on individual units is also available 
and is indicated by suffixing "A" to the standard type number. 



ELECTRICAL CHARACTERISTICS (25°C Ambient Vr = 1.5 V @ If = 200 mA for all units) 



TYPE NO. 


Nominal 
Zener Voltage 

@ IZT 

(V Z ) Volts 


Test 
Current 

In 
mA 


Max Zener Impedance 


Max DC Zener 
Current 

l 2M mA 


l R = 10 M A Max 

@ 

Reverse Voltage 
V* 


Typical Zener 
Voltage/temp. Coeff. 

%/°C 


ZlT @ lit 

ohms 


Z ZK @ l ZK = 1.0mA 
ohms 


1N3821 


3.3 


76 


10 


400 


276 




-.075 


1N3821A 


3.3 


76 


10 


400 


276 


1 


-.075 


1N3822 


3.6 


69 


10 


400 


252 


1 


-.065 


1N3822A 


3.6 


69 


10 


400 


252 


1 


-.065 


1N3823 


3.9 


64 


9 


400 


238 




-. 055 


1N3823A 


3.9 


64 


9 


400 


238 




-.055 


1N3824 


4.3 


58 


9 


400 


213 




-.040 


1N3824A 


4.3 


58 


9 


400 


213 


l 


-. 040 


1N3825 


4.7 


53 


8 


500 


194 


1 


-.020 


1N3825A 


4.7 


53 


8 


500 


194 


1 


-.020 


1N3826 


5.1 


49 


7 


550 


178 


1 


4.005 


1N3826A 


5.1 


49 


7 


550 


178 


1 


+.005 


1N3827 


5.6 


45 


5 


600 


162 


2 


+.020 


1N3827A 


5.6 


45 


5 


600 


162 


2 


+. 020 


1N3828 


6.2 


41 


2 


700 


146 


3 


+.035 


1N3828A 


6.2 


41 


2 


700 


146 


3 


+.035 


1N3829 
1N3829A 
1N3830 
1N3830A 


6.8 
6.8 
7.5 
7.5 


37 
37 
34 
34 


1.5 
1.5 
1.5 
1.5 


500 
500 
250 
250 


133 
133 
121 
121 


3 
3 
3 
3 


+.040 
+.040 
+. 045 
+.045 



1 w 

3.3 - 7.5 V 



CASE 52 
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Silicon Zener Diodes 

i N 3993thru in4Q00 

1N3993A thru 1N4000A USA/JAN 
1 N3993A thru 1 N4000A HI-REL 



CASE 56 

(DO-4) 



Low-voltage, alloy-junction zener diodes in hermeti- 
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 



MAXIMUM RATINGS 

Junction and Storage Temperature: -65 °C to +175°C. 

D-C Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 



The type numbers shown in the table have a standard tolerance on the nominal 
zener voltage of ±10%. A standard tolerance of ±5% on individual units is also 
available and is indicated by suffixing "A" to the standard type number. 



ELECTRICAL CHARACTERISTICS (Tb = 30°C ± 3, Vf = 1.5 max @ If = 2 amp for all units) 



Type No. 


Nominal 
Zener Voltage 

Vx@lxr 

Volts 


Test 
Current 

llT 

mA 


Max Zener Impedance 

Zzt@Izt Z«@l» = 1.0mA 
Ohms Ohms 


Max DC Zener 
Current 

IimRiA 


REVERSE 
LEAKAGE CURRENT 
V. 

U^AJVoits 


1N3993 


3.9 


640 


2 


400 


2380 


100 0. 5 


1N3994 


4.3 


580 


1.5 


400 


2130 


100 0. 5 


1N3995 


4.7 


530 


1.2 


500 


1940 


50 1 


1N3996 


5.1 


490 


l.i 


550 


1780 


10 1 


1N3997 


5.6 


445 


1.0 


600 


1620 


10 1 


1N3998 


6.2 


405 


1.1 


750 


1460 


10 2 


1N3999 


6.8 


370 


1.2 


500 


1330 


10 2 


1N4000 


7.5 


335 


1.3 


250 


1210 


10 3 
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Silicon Zener Diodes 



in4099 thru in4 135 



Va W 

6.8- TOO V 



CASE 51 

(DO-7) 

MAXIMUM RATINGS 



Oxide passivated devices with extremely low, speci- 
fied noise level. Designed for low -level operation over 
expanded temperature range from -75° C to +200° C. 



Characteristic 


Rating 


Unit 


DC Power Dissipation, 25°C Ambient 


250 


mW 


Derating Factor 


1.43 


mW/°C 


Junction and Storage Temperature 


-65 to +200 


°C 



ELECTRICAL CHARACTERISTICS(At25°C Ambient temperature unless otherwise specified.) 

Vf = 1.0 max @ If = 200 mA on all types 



T 

lype 
Number 




©It* — 

VZ IZT — 


? 50V Amps 




REVERSE 
LEAKAGE 

HUDDFUT (j 

(/4) 


Test 

t> Vnltare 

■ Ullage 

y 

(volts) 


Max. Noise Density 

at i i«iuA 

N„ 

n D 

/Fiff 1) 

fifiifrn.vnltc nor 

inner U-IUllS pci 

square root cycle) 


Mai 7pn(>r PurrMit 

1 

•ZM 

(mA) 


Nominal 

LCllCI lOIMgC 
U 
»1 

(volts) 


Min 
Zener Voltage 
y z 

(volts) 


Max 

Zener Voltage 
Vi 

(volts) 


Ifav 7anar 

mak. £cner 
Ininpriaiirp 

lllljJCUdUUG 

7 

' rr 
(ohms) 


1 MAflQQ 






7.140 


200 


10 




40 


35.0 


1IN41UU 


7.5 


7. 125 


7.875 


200 


10 




40 


31.8 


1 m a 1 n i 


8.2 


7.790 


8.610 


200 


1 .0 




40 


29.0 




8.7 




9.135 


200 


1 .0 


6 61 


40 


27.4 


1N4103 


9.1 


8.645 


9.555 


200 


1.0 


6.92 


40 


26.2 


1 "MA 1 f\A 

1IN41U4 


10 


9.500 


10.50 


200 


1.0 


7.60 


40 


24.8 


1N4105 


11 


10.45 


11.55 


200 


.05 


8.44 


40 


21.6 


1N4106 


12 


11.40 


12.60 


200 


.05 


9.12 


40 


20.4 


1N4107 


13 


12.35 


13.65 


200 


.05 


9.87 


40 


19.0 


1N4108 


14 


13.30 


14.70 


200 


.05 


10.65 


40 


17.5 


1N4109 


15 


14.25 


15.75 


100 


.05 


11.40 


40 


16.3 


1N4110 


16 


15.20 


16.80 


100 


.05 


12.15 


40 


15.4 


1N4111 


17 


16.15 


17.85 


100 


.05 


12.92 


40 


14.5 


1N4112 


18 


17.10 


18.90 


100 


.05 


13.67 


40 


13.2 


1N4113 


19 


18.05 


19.95 


150 


.05 


14.44 


40 


12.5 


1N4114 


20 


19.00 


21.00 


150 


.01 


15.20 


40 


11.9 


1N4115 


22 


20.90 


23.10 


150 


.01 


16.72 


40 


10.8 


1N4116 


24 


22.80 


25.20 


150 


.01 


18.25 


40 


9.9 


1N4117 


25 


23.75 


26.25 


150 


.01 


19.00 


40 


9.5 


1N4118 


27 


25.65 


28.35 


150 


.01 


20.46 


40 


8.8 


1N4119 


28 


26.60 


29.40 


200 


.01 


21.28 


40 


8.5 


1N4120 


30 


28.50 


31.50 


200 


.01 


22.80 


40 


7.9 


1N4121 


33 


31.35 


34.65 


200 


.01 


25.08 


40 


7.2 


1N4122 


36 


34.20 


37.80 


200 


.01 


27.38 


40 


6.6 


1N4123 


39 


37.05 


40.95 


200 


.01 


29.65 


40 


6.1 


1N4124 


43 


40.85 


45.15 


250 


.01 


32.65 


40 


5.5 


1N4125 


47 


44.65 


49.35 


250 


.01 


35.75 


40 


5.1 


1N4126 


51 


48.45 


53.55 


300 


.01 


38.76 


40 


4.6 


1N4127 


56 


53.20 


58.80 


300 


.01 


42.60 


40 


4.2 


1N4128 


60 


57.00 


63.00 


400 


.01 


45.60 


40 


4.0 


1N4129 


62 


58.90 


65.10 


500 


.01 


47.10 


40 


3.8 


1N4130 


68 


64.60 


71.40 


700 


.01 


51.68 


40 


3.5 


1N4131 


75 


71.25 


78. J 75 


700 


.01 


57.00 


40 


3.1 


1N4132 


82 


77.90 


86.10 


800 


.01 


62.32 


40 


2.9 


1N4133 


87 


82.65 


91.35 


1000 


.01 


66.12 


40 


2.7 


1N4134 


91 


86.45 


95.55 


1200 


.01 


69.16 


40 


2.6 


1N4135- 


100 


95.00 


105.00 


1500 


.01 


76.00 


40 


2.3 



SPECIAL SELECTIONS 1 - Nominal zener voltages between those shown. 
2 — Matched sets: 



a. Two or more units for series connect/on with specified tolerance on total voltage » Standard Tolerances 

b. Two or more units matched to one another with any specified tolerance J are ±5 />, ^ /o. ana -i /o. 
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Silicon Zener Diodes 

1N4099 thru 1N4135 (continued) 



The type numbers shown have a standard tolerance of ±5% on the nominal 
zener voltage. 



ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener direction. A 
small part of this noise is due to the internal resistance associated with the 
device. A larger part of zener noise is a result of the zener breakdown pheno- 
menon and is called microplasma noise. This microplasma noise is generally 
considered "white" noise with equal amplitude for all frequencies from about 
zero cycles to approximately 200, 000 cycles. To eliminate the higher frequency 
components of noise a small shunting capacitor can be used. The lower fre- 
quency noise generally must be tolerated since a capacitor required to eliminate 
the lower frequencies would degrade the regulation properties of the zener in 
many applications. 



This series is rated with a maximum noise density at 250 microvolts. The 
rating of microvolts RMS per square root cycle enables calculation of the 
maximum RMS noise for any bandwidth. 

Noise density decreases as zener current increases. This can be seen by 
the graph in Figure 2 where a typical noise density is plotted as a function of 
zener current. 

The junction temperature will also change the zener noise levels. As tem- 
perature is increased, the noise levels decrease. The change is approximately 
20% from 25°C to 100°C. Thus the noise rating must indicate bandwidth, cur- 
rent level and temperature. 

The block diagram given in Figure 1 shows the method used to measure noise 
density. The input voltage and load resistance is high so that the zener is 
driven from a constant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test zener. The filter 
bandpass is known so that the noise density in volts RMS per square root cycle 
can be calculated. 
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Silicon Zener Diodes 

lN4099thru 1N4135 (continued) 



+ o- 



D.C. POWER 
SUPPLY 

-o— 



o 



FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD 



AMMETER 



51K 

- J W\r 

LOAD RESISTOR 



TEST ZENER 



AMPLIFIER 



FILTER 
f 0 = 2KC 
f, = 1KC 
f, = 3KC 
BW = 2KC 




NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) : 



OVERALL GAIN VBW 
WHERE: BW = FILTER BANDWIDTH (CYCLES) 
V out = OUTPUT NOISE (VOLTS RMS) 



iN4370thruiN4372 

For Specifications, see 1N746 thru 1N759 data sheet. 
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Silicon Zener Diodes 



in4549 thru in4556 
in4557 thru in4564 

For Specifications, See 1N2804 Data Sheet 



iN4728thrui N 4764 iS-ioov 

One-watt silicon zener diodes designed for constant 
voltage reference from 3.3 thru 100 volts, with 10% and 
*9 5 ^ tolerances. These diodes are packaged in a void- 
CASE 59 *\ £ ree S iii Cone polymer case which is no larger than the 

conventional 400 mW glass package. 



MAXIMUM RATINGS 



Characteristic 


Rating 


Unit 


DC Power Dissipation 


1 


Watt 


Derating Factor 


6. 67 


mW/°C 


Junction and storage Temperature 


-65 to +200 


°C 
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Silicon Zener Diodes 

1N4728 thru 1N4 764 (continued) 



ELECTRICAL CHARACTERISTICS 

(At 25"C ambient temperature unless otherwise specified) Vf — 1.5V max (& 200 mA on all types 





Nominal 




Max Zener Impedance 


REVERSE 


Surge 


Max DC Zener 




Zener Voltage 


Test 




(Note 3) 




LEAKAGE CURRENT 


Current 


Current 




V Z @IZT 


Current 












@T A = 25°C 


IZM 


Type No. 


Volts 


,Z I 


Zzt@Ict 


Zzk @ Izk 






5) Vr 




mA 




(Note 2) 


mA 


Ohms 


Ohms 


mA 






(Note 5) 


(Note 4) 


1N4728 


3.3 


76 


10 


400 


1.0 


100 


1 


1380 


276 


1N4729 


3.6 


69 








100 


1 


1260 


252 


1N4730 


3.9 


64 


9 


400 


1.0 




1 


1190 


234 








9 


400 


1.0 


10 


1 






1N4732 


4.7 


53 


8 


500 


1.0 


10 


1 


970 


193 


1N4733 


5.1 


49 


7 


550 


1.0 


10 


1 


890 


178 


1N4734 


5.6 


45 








10 


2 


810 


162 


1N4735 


6.2 


41 


2 


700 


1.0 


10 


3 


730 


146 


1N4736 






3.5 


700 


1.0 


10 


4 






1N4737 


7.5 


34 


4.0 


700 


0.5 


10 


5 


605 


121 


1N4738 


8.2 


31 


4.5 


700 


0.5 


10 


6 


550 


110 


1N4739 


9.1 


28 








10 


7 


500 


100 


1N4740 


10 


25 


7 


700 


0.25 






454 


91 


1N4741 






6 


700 


0.25 


5 


8.4 






1N4742 


12 


21 


9 


700 


0.25 




9.1 


380 


76 


1N4743 


13 


19 


10 


700 


0.25 


5 


9.9 


344 


69 


1N4744 


15 


17 










11.4 


304 


61 


1N4745 


16 


15.5 


16 


700 


0.25 


5 


12.2 


285 


57 








20 


750 


0.25 


5 


13.7 






1N4747 


20 


12.5 


22 


750 


0.25 


5 


15.2 


225 


45 


1N4748 


22 


11.5 


23 


750 


0.25 


5 


16.7 


205 


41 


1N4749 


24 


10.5 


25 


750 


0.25 


5 


18.2 


190 


38 


1N4750 


27 


9.5 


35 


750 


0.25 


5 


20.6 


170 


34 


1N4751 


30 


8.5 


40 


1,000 


0.25 


5 


22.8 


150 


30 


1N4752 


33 


7.5 


45 


1,000 


0.25 


5 


25.1 


135 


27 


1N4753 


36 


7.0 


50 


1,000 


0.25 


5 


27.4 


125 


25 


1N4754 


39 


6.5 


60 


1,000 


0.25 


5 


29.7 


115 


23 


1N4755 


43 


6.0 


70 


1,500 


0.25 


5 


32.7 


110 


22 


1N4756 


47 


5.5 


80 


1,500 


0.25 


5 


35.8 


95 


19 


1N4757 


51 


5.0 


95 


1,500 


0.25 


5 


38.8 


90 


18 


1N4758 


56 


4.5 


110 


2,000 


0.25 


5 


42.6 


80 


16 


1N4759 


62 


4.0 


125 


2,000 


0.25 


5 


47.1 


70 


14 


1N4760 


68 


3.7 


150 


2,000 


0.25 


5 


51.7 


65 


13 


1N4761 


75 


3.3 


175 


2,000 


0.25 


5 


56.0 


60 


12 


1N4762 


82 


3.0 


200 


3,000 


0.25 


5 


62.2 


55 


11 


1N4763 


91 


2.8 


250 


3,000 


0.25 


5 


69.2 


50 


10 


1N4764 


100 


2.5 


350 


3,000 


0.25 


5 


76.0 


45 


9 



The type numbers shown have a standard tolerance of ±10% on the nominal 
zener voltage. Suffix "A" for ±5% units. 



MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded, thermosetting silicone polymer. 

FINISH: All external surfaces are corrosion resistant. Leads are readily 
solder able. 

POLARITY: Cathode, indicated by color band. When operated in zener mode 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any 

WEIGHT: 0. 42 gram (approximately) 
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— Silicon Zener Diodes 

ADDITIONS AND MODIFICATIONS 
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Silicon Zener Diodes 



TEMPERATURE COMPENSATED REFERENCE DIODES 

Temperature compensated reference diodes are made possible by the 
differing thermal characteristics of forward and reverse biased silicon PN 
junctions. A forward biased junction has a negative temperature coefficient 
of approximately 2.0 milli volts/ °C. Reverse biased junctions above 5 volts 
have a positive temperature coefficient and therefore it is possible, by 
judicious selection of combinations of forward and reverse biased junctions, 
to obtain a device, due to cancellation, which shows a very low temperature 
coefficient. Because of the differing impedance-versus-temperature char- 
acteristics of the junctions involved, optimum temperature stability is 
obtained by operating in the zener current range at which the temperature 
coefficient is a minimum. 

VOLTAGE VARIATION (AV Z ) AND TEMPERATURE COEFFICIENT 

Reference diodes are most completely characterized by the "box" method. 
This method provides for a guaranteed maximum voltage variation ( in 
mV) over a specified temperature range, verified by tests at several points 
within the range. (Maximum voltage variations over the specified temper- 
ature ranges are given in tables associated with each device type.) The 
design engineer now has a specific number - without any calculations - 
telling him the stability of the voltage over the temperature range of interest; 
thus giving him the maximum flexibility as well as economy in selecting the 
temperature stability required. Military specifications now being issued use 
this approach to characterize TC diodes. 

Since reference diodes have anon-linear voltage-temperature relationship 
the temperature coefficients in the tables are provided primarily for refer- 
ence purposes and guaranteed only at the end points of the temperature range. 

VOLTAGE-CURRENT CHARACTERISTICS 

The reference voltage will vary with changes in zener current. These 
variations can be minimized by driving the device from a constant current 
source. 

ZENER IMPEDANCE DERIVATION 

The dynamic zener impedance, Zzt> is derived from the 60 cycle ac 
voltage which results when anac current having an rms value equal to 10% of 
the dc zener current, I ZT , is superimposed on I ZT . A 100% cathode-ray 
tube curve trace test is used to ensure that each zener characteristic has a 
sharp and stable knee region. 
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Silicon Zener Diodes — 

TEMPERATURE COMPENSATED REFERENCE DIODES - INDEX 

(Table numbers refer to tables on subsequent pages) 



Type Number 


Voltage 


Table 
Number 


1N429 

1N821, 1N823, 1N825, 1N827, 1N829 
1N821A, 1N823A, 1N825A, 1N827A, 1N829A 
liNyoo - iJNyoy 
1N935A - 1N939A 


6.2 V 
6.2 V 
6.2 V 
y.u V 
9.0 V 


l 
l 
l 

1Z 

13 


1N935B - 1N939B 
1N941 - 1N945 
1N941A - 1N945A 
lJNy41B - lJNy4DJD 
1N1530, 1N1530A 


9.0 V 
11.7 V 
11.7 V 

11 n \r 
11.7 V 

8.4 V 


14 
22 
23 

6 


1N1735 

1N1736, 1N1736A 

1N1737, 1N1737A 

1 ati no o 1 TVT1 no o a 
1JN1 7oo, 1JN1 rooA 

1N1739, 1N1739A 


6.2 V 
12.4 V 
18.6 V 

OA O *\ r 

31.0 V 


1 

25 
26 

30 


1N1740, 1N1740A 
1N1741, 1N1741A 
1N1742, 1N1742A 
1N2620 - 1N2624 
1N2620A - 1N2624A 


37.2 V 
43.4 V 
49.6 V 
9.3 V 
9.3 V 


32 
34 
35 
19 
20 


1N2620B - 1N2624B 


9.3 V 


21 


1N2769, 1N2769A 
1N2770, 1N2770A 
1N3154 - 1N3157 

1 TVTO 1C/I A 1 TVTO 1 K n A 

1N3154A - lNol07A 
1N3580 - 1N3582 


34.0 V 
40.8 V 
8.4 V 

O.ft V 

11.7 V 


31 
33 
6 

7 

22 


1N3580A - 1N3582A 
1N3580B - 1N3582B 
1N4565 - 1N4569 
1N40D0A - lN45oyA 
1N4570 - 1N4574 


11.7 V 
11.7 V 
6.4 V 

D.ffc V 

6.4 V 


23 
24 
2 

o 

4 


1N4570A - 1N4574A 
1N4765 - 1N4569 
1N4765A - 1N4569A 
1N4770 - 1N4774 
1N4770A - 1N4774A 


6.4 V 
9.1V 
9.1 V 
9.1 V 
9.1 V 


5 

15 
16 
17 
18 


1N4775 - 1N4779 
1N4775A - 1N4779A 
1N4780 - 1N4784 
1N4780A - 1N4784A 


8.5 V 
8.5 V 
8.5 V 
8.5 V 


8 
9 
10 
11 
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Silicon Zener Diodes 




Temperature compensated zener 
reference diodes designed for circuits 
requiring a high degree of voltage- 
temperature stability over a broad 
temperature range. 



CASE 51 CASE 52 PACKAGE 4 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Rating 


Units 


Operating Temperature 
See notes on Pj) in individual 
data tables 

1- 
2- 


t j 


-65 to +150 
-65 to +175 


°c 


Storage Temperature 
All Types 


T stg 


-65 to +175 


°c 



MECHANICAL CHARACTERISTICS 





Glass 


Metal 


Molded 


Case: 


All glass, 

hermetically sealed 


Welded, hermetically 
sealed, metal & glass 


Void free, thermo- 
setting polymer 


Polarity: 


Cathode indicated by 
polarity band 


Indicated by diode 
symbol 


Indicated by diode symbol 
except 1N429, 1N1530, 
1N1530A where cathode 
indicated by polarity dot 
of contrasting color 


Weight: 


0.2 grams (approx.) 


1.5 grams (approx.) 


Varies according to device 
min 0.5 grams 
max 12 grams 


Finish: 


All external surfaces corrosion resistant and leads readily solderable. 



PACKAGE 4 





OUTLINE DIMENSIONS (INCHES) 


PKG 


A 


B 


c 


D 




MAX 


MAX 


±.002 


MAX 


4-1 


.100 


.500 


.032 


1.25 


4-2 


.500 


.375 


.032 


1.25 


4-3 


1.030 


.378 


.032 


1.25 


4-4 


1.220 


.641 


.032 


1.75 


4-5 


.655 


.641 


.032 


1.25 


4-6 


.520 


.275 


.022 


1.25 


4-7 


1.000 


.375 


0.32 


1.25 
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Silicon Zener Diodes 



Type 
Number 


Max 
Voltage 
Change 

AV 

Volts 


Tempera- 
ture 

Coefficient 
%/°C 
For 

Reference 


Max 
Dynamic 
Imped- 
ance 
z ZT 
Ohms 


Power 
Dissipa- 
tion 
P 

mW* 


Case 




TABLE 1 

V z = 6.2 V 1 5% at I ZT = 7.5 mA 
Test Temperatures: -55, +25, +100°C 


1N429 

1N821 

1N821A 

1N823 

1N823A 

1N825 


0.050 
0.096 
0.096 
0.048 
0.048 
0.019 


0.01 

0.01 

0.01 

0.005 

0.005 

0.002 


20 
15 
10 
15 
10 
15 


200© 
+ 250© 
+ 250© 
+ 250© 
+ 250© 
+250© 


53 
51 
51 
51 
51 
51 


1N825A 

1N827 

1N827A 

1N829 

1N829A 

1N1735 


0.019 
0.009 
0.009 
0.004 
0.004 
0.050 


0.002 

0.001 

0.001 

0.0005 

0.0005 

0.01 


10 
15 
10 
15 
10 
20 


+ 250© 
+ 250© 
t250© 
+ 250© 
+ 250© 
200® 


51 
51 
51 
51 
51 
4-6 



TABLE 2 

V z = 6.4 V ±5% at I ZT = 0.5 mA 
Test Temperatures: 0, 25, 75°C 



1N4565 


0.048 


0.01 


200 


t250© 


51 


1N4566 


0.024 


0.005 


200 


t250© 


51 


1N4567 


0.010 


0.002 


200 


t250© 


51 


1N4568 


0.005 


0.001 


200 


+ 250© 


51 


1N4569 


0.002 


0.0005 


200 


1250© 


51 



TABLE 3 

V z = 6.4 V t 5% at I zx = 0.5 mA 

Test Temperatures: -55, 0, +25, +75, + 100°C 



1N4565A 


0.099 


0.01 


200 


+ 250© 


51 


1N4566A 


0.050 


0.005 


200 


t250© 


51 


1N4567A 


0.020 


0.002 


200 


t250© 


51 


1N4568A 


0.10 


0.001 


200 


t250© 


51 


1N4569A 


0.005 


0.0005 


200 


t250© 


51 



TABLE 4 

V z = 6.4 V ± 5% at I ZT = 1.0 mA 
Test Temperatures: 0, 25, 75°C 



1N4570 


0.048 


0.01 


100 


+ 250© 


51 


1N4571 


0.024 


0.005 


100 


t250© 


51 


1N4572 


0.010 


0.002 


100 


+ 250© 


51 


1N4573 


0.005 


0.001 


100 


1-250© 


51 


1N4574 


0.002 


0.0005 


100 


+ 250© 


51 



TABLE 5 

V z = 6.4 V ± 5% at I ZT = 1.0 mA 

Test Temperatures: -55, 0, +25, +75, +100°C 



1N4570A 


0.099 


0.01 


100 


+ 250© 


51 


1N4571A 


0.050 


0.005 


100 


+ 250® 


51 


1N4572A 


0.020 


0.002 


100 


+ 250© 


51 


1N4573A 


0.010 


0.001 


100 


t250® 


51 


1N4574A 


0.005 


0.0005 


100 


+ 250® 


51 



♦Temperature range noted. See Maximum Rating. 



Type 
Number 


Max 
Voltage 
Change 

AV 

Volts 


Tempera- 
ture 

Coefficient 
%/°C 
For 

Reference 


Max 

Dynamic 
Imped- 
ance 

Zn 

Ohms 


Power 
Dissipa- 
tion 
P 

mW* 


Case 



TABLE 6 

V z = 8.4 V ± 5% at I ZT = 10 mA 
Test Temperatures: -55, +25, +100°C 



1N1530 


0.014 


0.002 


15 


250® 


57 


1N1530A 


0.007 


0.001 


15 


250® 


57 


1N3154 


0.130 


0.01 


15 


250® 


51 


1N3155 


0.065 


0.005 


15 


250® 


51 


1N3156 


0.026 


0.002 


15 


250® 


51 


1N3157 


0.013 


0.001 


15 


250® 


51 



TABLE 7 

V z = 8.4 V ± 5% at I ZT = 10 mA 

Test Temperatures: -55, +25, +100, +150°C 



1N3154A 


0.172 


0.01 


15 


+ 250® 


51 


1N3155A 


0.086 


0.005 


15 


+ 250® 


51 


1N3156A 


0.034 


0.002 


15 


t250© 


51 


1N3157A 


0.017 


0.001 


15 


+ 250® 


51 



TABLE 8 

V z = 8.5 V t 5% at I zx = 0.5 mA 
Test Temperatures: 0, 25, 75°C 



1N4775 


0.064 


0.01 


200 


250© 


51 


1N4776 


0.032 


0.005 


200 


250® 


51 


1N4777 


0.013 


0.002 


200 


250© 


51 


1N4778 


0.006 


0.001 


200 


250© 


51 


1N4779 


0.003 


0.0005 


200 


250© 


51 



TABLE 9 

V z = 8.5 V + 5% at I ZT = 0.5 mA 
Test Temperatures: -55, 0, + 25, +75, 


+100°C 




1N4775A 


0.132 


0.01 


200 


250© 


51 


1N4776A 


0.066 


0.005 


200 


250© 


51 


1N4777A 


0.026 


0.002 


200 


250© 


51 


1N4778A 


0.013 


0.001 


200 


250© 


51 


1N4779A 


0.007 


0.0005 


200 


250© 


51 



TABLE 10 

V Z = 8.5 V t 5% at I ZT = 1.0 mA 
Test Temperatures: 0, 25, 75°C 



1N4780 


0.064 


0.01 


100 


250© 


51 


1N4781 


0.032 


0.005 


100 


250© 


51 


1N4782 


0.013 


0.002 


100 


250© 


51 


1N4783 


0.006 


0.001 


100 


250© 


51 


1N4784 


0.003 


0.0005 


100 


250© 


51 



©Tj = -65 to +150°C 
(2)Tj = -65 to +175°C 



f The indicated power rating is recommended for conservative design limits 
in critical high reliability applications. Registered power ratings vary from 
250 mW to 500 mW. All devices indicated are supplied in the 400 mW glass 
package. 
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Silicon 



Type 
Number 


Max 
Voltage 
Change 

AV 

Volts 


Tempera- 
ture 
Coefficient 
%/°C 
For 
Reference 


Max 

Dynamic 
Imped- 
ance 

nu Zn 

Ohms 


Power 
Dissipa- 
tion 
P 

mW* 


Case 


TABLE 11 












V z = 8.5 V ±5% at I ZT = 1.0 mA 






Test Temperatures- 


-55, 0, +25, +75, +100°C 




1N4780A 


0.132 


0.01 


100 


250© 


51 


1N4781A 


0.066 


0.005 


100 


250© 


51 


1N4782A 


0.026 


0.002 


100 


250© 


51 


1N4783A 


0.013 


0.001 


100 


250© 


51 


1N4784A 


0.007 


0.0005 


100 


250© 


51 




TABLE 12 












V z = 9.0 V + 5% at I ZT = 7.5 mA 






Test Temperatures: 


0, 25, 75°C 






1N935 


0.067 


0.01 


20 


T250© 


51 


1N936 


0.033 


0.005 


20 


+250© 


51 


1N937 


0.013 


0.002 


20 


t250© 


51 


1N938 


0.006 


0.001 


20 


+250© 


51 


1N939 


0.003 


0.0005 


20 


+250© 


51 




TABLE 13 












V z = 9.0 V t 5% at I ZT = 7.5 mA 






Test Temperatures: 


-55, 0,+25,+75, +100°C 




1N935A 


0.139 


0.01 


20 


+250© 


51 


1N936A 


0.069 


0.005 


20 


+250© 


51 


1N937A 


0.027 


0.002 


20 


+250© 


51 


1N938A 


0.013 


0.001 


20 


t250© 


51 


1N939A 


0.007 


0.0005 


20 


+250© 


51 




TABLE 14 












V z = 9.0 V + 5% at I ZT = 7.5 mA 






Test Temperatures: 


-55, 0,+ 25, +75, +100, +150°C 


1N935B 


0.184 


0.01 


20 


+ 250© 


51 


1N936B 


0.092 


0.005 


20 


+ 250© 


51 


1N937B 


0.037 


0.002 


20 


+ 250© 


51 


1N938B 


0.018 


0.001 


20 


+ 250© 


51 


1N939B 


0.009 


0.0005 


20 


+ 250© 


51 




TABLE 15 












V z = 9.1 V + 5% at I 7T = 0.5 mA 






Test Temperatures: 


0, 25, 75 ( 








1N4765 


0.068 


0.01 


350 


,250© 


51 


1N4766 


0.034 


0.005 


350 


250© 


51 


1N4767 


0.014 


0.002 


350 


250© 


51 


1N4768 


0.007 


0.001 


350 


250© 


51 


1N4769 


0.003 


0.0005 


350 


250© 


51 




TABLE 16 












V z = 9.1 V ±5% at I ZT = 0.5 mA 






Test Temperatures: 


-55, 0,+ 25, +75, 


+100°C 




1N4765A 


0.141 


0.01 


350 


250© 


51 


1N4766A 


0.070 


0.005 


350 


250© 


51 


1N4767A 


0.028 


0.002 


350 


250© 


51 


1N4768A 


0.014 


0.001 


350 


250© 


51 


1N4769A 


0.007 


0.0005 


350 


250© 


51 



Diodes 



Type 
Number 


Max 
Voltage 
Change 

AV 

Volts 


Tempera- 
ture 

Coefficient 
%/°C 
For 

Reference 


Max 

Dynamic 
Imped- 
ance 

Zzr 

Ohms 


Power 
Dissipa- 
tion 
P 

mW* 


Case 


TABLE 17 

V z = 9.1 V t 5% at I ZT = 1.0 mA 
Test Temperatures: 0, 25, 75°C 


1N4770 
1N4771 
1N4772 
1N4773 
1N4774 


0.068 
0.034 
0.014 
0.007 
0.003 


0.01 

0.005 

0.002 

0.001 

0.0005 


200 
200 
200 
200 
200 


250© 
250© 
250© 
250© 
250© 


51 
51 
51 
51 
51 


TABLE 18 

V z = 9.1 V ± 5% at I ZT = 1.0 mA 

Test Temperatures: -55, 0, +25, +75, +100°C 


1N4770A 
1N4771A 
1N4772A 
1N4773A 
1N4774A 


0.141 
0.070 
0.028 
0.014 
0.007 


0.01 

0.005 

0.002 

0.001 

0.0005 


200 
200 
200 
200 
200 


250© 
250© 
250® 
250© 
250© 


51 
51 
51 
51 
51 




TABLE 19 

V z = 9.3 V + 5% at I zx = 10 mA 
Test Temperatures: 0, 25, 75°C 


1N2620 
1N2621 
1N2622 
1N2623 
1N2624 


0.070 
0.035 
0.014 
0.007 
0.003 


0.01 

0.005 

0.002 

0.001 

0.0005 


15 
15 
15 
15 
15 


750© 
750© 
750© 
750© 
750© 


52 
52 
52 
52 
52 


TABLE 20 

V z = 9.3 V t5% at I ZX = 10 mA 

Test Temperatures: -55, 0, + 25, +75, +100°C 


1N2620A 
1N2621A 
1N2622A 
1N2623A 
1N2624A 


0.144 
0.072 
0.029 
0.014 
0.007 


0.01 

0.005 

0.002 

0.001 

0.0005 


15 
15 
15 
15 
15 


750© 
750© 
750© 
750© 
750© 


52 
52 
52 
52 
52 


TABLE 21 

V z = 9.3 V +5% at I ZT = 10 mA 

Test Temperatures: -55, 0, +75, +100, +150°C 


1N2620B 
1N2621B 
1N2622B 
1N2623B 
1N2624B 


0.191 
0.095 
0.038 
0.019 
0.010 


0.01 

0.005 

O.002 

0.001 

0.0005 


15 
15 
15 
15 
15 


750© 
750© 
750© 
750© 
750© 


52 
52 
52 
52 
52 


TABLE 22 

V Z = 11.7 V t 5% at I ZT = 7.5 mA 
Test Temperatures: 0, 25, 75°C 


1N941 
1N942 
1N943 
1N944 
1N945 


0.088 
0.044 
0.018 
0.009 
0.004 


0.01 

0.005 

0.002 

0.001 

0.0005 


30 
30 
30 
30 
30 


*250© 
+ 250© 
T250© 
1250© 
t250© 


51 
51 
51 
51 
51 
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Silicon Zener Diodes 



Type 
Number 


Max 
Voltage 
Change 

AV 

Volts 


Tempera- 

rinpffipipnt 

%/°c 

For 
Reference 


Max 
Dynamic 
Imped- 
ance 

Z.ZT 

Ohms 


Power 
Dissipa- 
tion 
p 

mW* 


Case 












TABLE 22 (Cont'd) 










1N3580 


0.088 


0.01 


25 


750© 


52 


1N3581 


0.044 


0.005 


25 


750© 


52 


1N3582 


0.018 


0.002 


25 


750© 


52 




TABLE 23 












V z = 11.7 V t 5% at I ZT = 7.5 mA 






Test Temperatures: -55, 0, +25, +75, 


+100°C 




1N941A 


0.181 


0.01 


30 


t250© 


51 


1N942A 


0.090 


0.005 


30 


+ 250© 


51 


1N943A 


0.036 


0.002 


30 


1250© 


51 


1N944A 


0.018 


0.001 


30 


+ 250© 


51 


1N945A 


0.009 


0.0005 


30 


t250© 


51 


1N3580A 


0.181 


0.01 


25 


750© 


52 


1N3581A 


0.090 


0.005 


25 


750© 


52 


1N3582A 


0.036 


0.002 


25 


750© 


52 




TABLE 24 












V Z = 11.7 V t 5% at I ZT = 7.5 mA 






Test Temperatures: -55, 0, +25, +75, +100, +150°C 


1N941B 


0.239 


0.01 


30 


f250© 


51 


1N942B 


0.120 


0.005 


30 


t250® 


51 


1N943B 


0.047 


0.002 


30 


+ 250© 


51 


1N944B 


0.024 


0.001 


30 


+ 250© 


51 


1N945B 


0.012 


0.0005 


30 


t250© 


51 


1N3580B 


0.239 


0.01 


25 


750© 


52 


1N3581B 


0.120 


0.005 


25 


750© 


52 


1N3582B 


0.048 


0.002 


25 


750© 


52 




TABLE 25 












V z = 12.4 V t 5% at I ZT = 7.5 mA 






Test Temperatures 


-55, +25 


+100°C 






1N1736 


0.100 


0.01 


40 


400© 


4-3 


1N1736A 


0.050 


0.005 


40 


400® 


4-3 




TABLE 26 












V z = 18.6 V t 5% at I ZT = 7.5 mA 






Test Temperatures: -55, +25 


+100°C 






1N1737 


0.150 


0.01 


60 


600® 


4-5 


1N1737A 


0.075 


0.005 


60 


600® 


4-5 




TABLE 27 












V z = 20.4 V + 5% at I ZT = 7.5 mA 






Test Temperatures: -55, +25 


+100°C 






1N2767 


0.158 


0.005 


60 


600® 


4-7 


1N2767A 


0.079 


0.0025 


60 


600® 


4-7 



TABLE 28 

V z = 24.8 V + 5% at I ZT = 7.5 mA 
Test Temperatures: -55, +25, +100°C 



1N1738 


0.200 


0.01 


80 


800® 


4-5 


1N1738A 


0.100 


0.005 


80 


800® 


4-5 



Type 
Number 


Max 
Voltage 
Change 

AV 

Volts 


Tempera- 
ture 

Coefficient 
%/°C 
For 

Reference 


Max 

Dynamic 
Imped- 
ance 
Zzt 
Ohms 


Power 
Dissipa- 
tion 
P 

mW* 


Case 




TABLE 29 

V z = 27.2 V 15% at I ZT = 7.5 mA 
Test Temperatures: -55, +25, +100°C 


1N2768 
1N2768A 


0.210 
0.105 


0.005 
0.0025 


80 
80 


800® 
800® 


4-7 
4-7 


TABLE 30 

V z = 31.0 V + 5% at I ZT = 7.5 mA 
Test Temperatures: -55, +25, +100°C 


1N1739 
1N1739A 


0.250 
0.125 


0.01 
0.005 


100 
100 


1000® 
1000® 


4-4 
4-4 


TABLE 31 

V z = 34.0 V t 5% at I ZT = 7.5 mA 
Test Temperatures: -55,+ 25, +100°C 


1N2769 
1N2769A 


0.265 
0.132 


0.005 
0.0025 


100 
100 


1000® 
1000® 


4-1 
4-1 



TABLE 32 












V Z = 37.2 V + 5% at I ZT = 7.5 mA 






1N1740 


0.300 


0.01 


120 


1200® 


4-4 


1N1740A 


0.150 


0.005 


120 


1200® 


4-4 



TABLE 33 












V z =40.t 


J V - 5% at I ZT = 7.5 mA 






Test Temperatures: 


-55, +25, +100°C 






1N2770 


0.316 


0.005 


120 


1200® 


4-1 


1N2770A 


0.158 


0.0025 


120 


1200® 


4-1 



TABLE 34 












V z = 43.4 V 15% at I ZT = 7.5 mA 






Test Temperatures: 


-55, +25, 


+100°C 






1N1741 


0.350 


0.01 


140 


1400® 


4-4 


1N1741A 


0.175 


0.005 


140 


1400® 


4-4 




TABLE 35 












V z = 49.6 V 1 5% at I ZT = 7.5 mA 






Test Temperatures 


-55, +25 


+100°C 






1N1742 


0.400 


0.01 


180 


1600® 


4-4 


1N1742A 


0.200 


0.005 


180 


1600® 


4-4 



QTj = -65 to +150°C 
(2)Tj = -65 to +175°C 

t The indicated power rating is recommended for conservative design limits 
in critical high reliability applications. Registered power ratings vary from 
250 mW to 500 mW. All devices indicated are supplied in the 400 mW glass 
package. 
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— Silicon Zener Diodes 

MZ600 SERIES 6.2 Volt 

MZ800 SERIES 8.4 Volt 




Precision reference diodes designed, manufactured, 
and tested for applications requiring a precision 
voltage reference with ultra- high stability of voltage 
with time and temperature. 



Operating Temperature Range: 25 to 100°C 



MZ600 Series 



Voltage: V z = 6.2 V + 5% at I ZT = 7.5 mA 




Voltage-Temperature Stability: AV Z = 2.5 mVdc (Maximum allowable change 
between voltages recorded at 25, 75, and 100°C.) 


Dynamic Impedance: 5 


2 ZT = 10 Ohms at I ZT = 7.5 mAdc, I 


ac = 0.75 mA 


Type 


Voltage-Time Stability 
(Maximum Change) 
mV/1000 hr 


Parts Per Million Change 
ppm/1000 hr 


MZ605 
MZ610 
MZ620 
MZ640 


30 
60 
120 
240 


< 5 
<10 
<20 
<40 



MZ800 Series 



Voltage: V z = 8.4 V ±5% at I ZT = 10 mA 

Voltage-Temperature Stability: AV Z =3.5 mVdc (Maximum allowable change 
between voltages recorded at 25, 75, and 100°C.) 

Dynamic Impedance: Z ZT = 15 Ohms at I z »p = 10 mAdc, I ac = 1.0 mA 


Type 


Voltage-Time Stability 
(Maximum Change) 
/*V/1000hr 


Parts Per Million Change 
ppm/1000 hr 


MZ805 
MZ810 
MZ820 
MZ840 


45 
90 
180 
360 


< 5 
<10 
<20 
<40 



All diodes are serialized with a unique serial number and are also marked 
with a date code, polarity band, and device type number. 
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Silicon Zener Diodes 



MCA1911 

mca2011 
mca2111 

MCA2211 



REFERENCE AMPLIFIERS 

SERIES 6.8 V Reference amplifiers for use in regulated power 
supplies as a combination reference element and 

SERIES 8.6 V error voltage amplifier. Available with either PNP 
or NPN transistors. 

SERIES 9.5 V 



SERIES T1.0V 



t 

0.650 






\ 




r 


S 

r0.002 D|A . 
-0.001 UIA 


uuu 

An. 


T 


) 








"MCA191 1 Series has zener diode only 



NOTES: 

1. The specified lead diameter applies in the zone be- 
tween 0.050 and 0.250 from the base seat. Between 
0. 250 and 0. 5 maximum of 0.021 diameter is held. 
Outside of these zones the lead diameter is not con- 
trolled. 

2. Measured from max diameter of the actual device. 



ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Rating 


. Unit 


Zener Current 


h 


20 


mA 


Collector Current 


l c 


20 


mA 


Collector -Emitter Voltage 


v 

CEO 


30 


V 


Junction and Storage 
Temperature Range 


T J 
T 

stg 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Nominal Reference Voltage 

(I z = 5 mA, V CE » 3 V, I c = 250 jiA) 


v 

REF 


6. 8-11.0 nom 
(See Table 1) 


Volts 


Maximum Reference Voltage Change 
with Temperature 

(I z = 5 mA, V C£ = 3 V, I c = 250 jiA) 


4V REF 


(See Table 1) 


Volts 






Min 


Max 




Zener Impedance 

«zT= 5n,A > ^c- io *y 


Z ZT 




40 


Ohms 


Collector -Emitter Breakdown Voltage 
(I c = 250 uA) 


BV CEO 


30 




Volts 


Collector Cutoff Current 
(V CB = 45 V) 

(V CB = 45 V, T A = 150 o Q 


^BO 




50 mA 
10 HA 




DC Current Gain 
(I c = 250 u-A- V GE ) 


h FE 


50 


100 




Small-Signal Transconductance 
(V C£ = 3 V, I c - 250 iik, f = 1 kc) 


He 


6500 




/Ltmhos 
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— Silicon Zener Diodes — 



TABLE 1 ELECTRICAL CHARACTERISTICS 

(at I__ = 7. 5 mA & T A = 25°C unless otherwise specified) 



Type 
Num- 
ber 
(Note 1) 


Max 
Voltage 
Change 

(Note 2) T est 
4V REF @ Temperature 
(Volts) (°C) 


Reference 
Voltage 

Vref 

(Volts) 


6. 8 Volt Series (I ZT = 5 mA) 


MCA1911N 
MCA1912N 
MCA1913N 
MCA1914N 


.051 
.025 
.010 
.005 


0, +25, +75 


6. 8 ± 10% 


MCA1921N 
MCA1922N 
MCA1923N 
MCA1924N 


.105 
.052 
.020 
.010 


-55, 0, +25, +75, 
+100 


6.8 ± 5% 


MCA1931N 
MCA1932N 
MCA1933N 
MCA1934N 


. 139 
.069 
.026 
.013 


-55, 0, +25, +75, 
+100, +150 


6. 8 ± 5% 


9. 5 Volt Series (I ZT = 5 mA) 


MCA2111N 
MCA2112N 
MCA2113N 
MCA2114N 


.071 
.035 
.014 
.007 


0, +25, +75 


9. 5 ± 10% 


MCA2121N 
MCA2122N 
MCA2123N 
MCA2124N 


. 147 
.073 
.028 
.014 


-55, 0, +25, +75, 
+100 


9. 5 ± 5% 


MCA2131N 
MCA2132N 
MCA2133N 
MCA2134N 


. 194 
.097 
.038 
.019 


-55, 0, +25, +75, 
+100, +150 


9. 5 ± 5% 



Type 
Num- 
ber 
(Note 1) 


Max 
Voltage 
Change 

(Note 2) Test 
AVREF @ Temperature 
(Volts) ( Q 


Reference 
Voltage 

vref 

(Volts) 


8. 6 Volt Series (I„_ = 5 mA) 
Ax 


MCA2011N 
MCA2012N 
MCA2013N 
MCA2014N 


.060 
.030 
.012 
.006 


0. +25. +75 


8.6 ± 10% 


MCA2021N 
MCA2022N 
MCA2023N 
MCA2024N 


. 124 
.062 
.024 
.012 


-55. 0. +25. +75. 
+100 


8 - 6 ± 5% 


MCA2031N 
MCA2032N 
MCA2033N 
MCA2034N 


. 164 
.082 
.032 
.016 


-55. 0. +25. +75. 
+100. +150 


8.6+ 5% 


11.0 Volt Series (I ZT = 5 mA) 


MCA2211N 
MCA2212N 
MCA2213N 
MCA2214N 


.082 
.041 
.016 
.008 


0. +25. +75 


11.0 ± 10% 


MCA2221N 
MCA2222N 
MCA2223N 
MCA2224N 


. 170 
.085 
.034 
.017 


-55. 0. +25. +75. 
+100 


11.0 ± 5% 


MCA2231N 
MCA2232N 
MCA2233N 
MCA2234N 


.225 
.112 
.044 
.022 


-55. 0. +25. +75. 
+100. +150 


11.0 ± 5% 



Type numbers shown are for devices containing NPN transis- 
tors; for devices with PNP transistors substitute a "P" suffix 
for the "N" suffix in the type number. 



2. AV REF is the maximum voltage variation over the specified 

temperature range, verified by tests at specified points within 
the range. 



TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 



NOMENCLATURE 
MCA I 9 I I N 




-55 to +100°C 
-55 to +150°C 



Polarity N-NPN P-PNP 



REF as Specified on 
Table 1 (i.e. , for 6.8 
Volt Series, 1 desig- 
nates AV REp of .051 V) 



AMPLIFIER 
& SERIES 
CONTROL 
ELEMENT 



DC INPUT 

REF. AMP- 



REGULATED 
OUTPUT 
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ADDITIONS AND MODIFICATIONS 
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• Silicon Zener Diodes 



ADDITIONS AND MODIFICATIONS 



2-42 



I 



SILICON RECTIFIERS 



3-1 



For case outline dimensions, see page 1-186. 
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Silicon Rectifiers 



SILICON RECTIFIERS 



The trend in rectifiers, today, is toward silicon. Technically, there are 
many reasons why this is so. In comparison with thermionic tubes, silicon 
rectifiers offer a new era of reliability and performance, and no other solid- 
state rectifier has the inherant advantages of silicon. Silicon shrugs at 
operating temperatures that would quickly wilt other solid-state devices. The 
high forward conductance and low -reverse -leakage current of silicon out- 
classes selenium, and no other type of rectifier packs as much current - 
carrying capacity into as small a package. Moreover, these advantages of 
silicon rectifiers are now available at costs that are more than competitive 
with other types. 

The following section contains data sheets for a complete line of silicon 
rectifiers for current requirements ranging from milliamperes to kiloamperes. 
These are housed in a variety of package types, making them suitable for 
every electrical and electronic application. 

In addition, rectifier assemblies for higher voltage and current devices and 
for applications such as bridges and other circuit configurations are available 
as standard devices and can easily be made to order for custom applications, 
(see page 4-3). 



High-current rectifiers in this book employ the multi-cell concept. This 
approach not only permits the fabrication of higher -current rectifiers, but 
also eliminates many of the problems associated with large single -junction 
devices. The construction of a typical multi-cell rectifier is shown below. 



MULTI-CELL RECTIFIERS 



Complete seal strength is afforded by the outer 
case, thus preventing any excessive stress on 
the glass-to-metal hermetic inner seal of indi- 
vidual rectifier cells. 



Plated copper base is integrally 
connected to the inner case for 
optimum heat transfer and cur- 
rent balance between cells by di- 
rect thermal coupling. 



RED— Cathode to Case 
BLACK— Anode to Case 



Void-free, molded 
external case affords 
excellent mechanical 
strength, electrical 
isolation, and corrosion 
resistance. Color cod- 
ing of the external case 
provides easy polarity 
identification: 




Resistance to thermal fatigue 
of each cell is assured 
through the use of double 
back-up discs and high tem- 
perature solder construction 
to protect the silicon die 
against stresses. In addition, 
the small junction areas of 
the individual paralleled cells 
result in a total rectifier which 
can better resist thermal 
fatigue because of the smaller 
excursion of dissimilar 
bonded materials (as opposed 
to a large single-junction 
rectifier). 



Internal, hermetically sealed, 
welded metal case rectifier 
cells. All individual cells are 
specially processed, tested 
and matched for similarity of 
forward voltage characteris- 
tics to assure balanced cur- 
rent sharing and reliable 
parallel operation. Each cell is 
rated to operate at only 75 per 
cent of maximum current 
capability, providing a built-in 
safety margin. 
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Silicon Rectifiers 

PREFERRED SILICON RECTIFIER SELECTION GUIDE 



This list covers only the preferred rectifiers and by no means represents all the devices 
available from stock or currently under development. For information concerning recti- 
fiers not listed here refer to the individual data sheets. 





/y 


1.5 A 

■ P 

CASE 55 




6A 

W 


l2A ^I 


15A 

d 
f 

CASE 42 i 


CASE 59 


FAST 
RECOVERY 
CASE 52 


CASE 60 


CASE 70 


FAST 
RECOVERY 
CASE 56A 


CASE 56A. 


FAST 
RECOVERY 
CASE 56A 


50V 
100 V 
150V 
200V 

Vrm(rep) 

MAX PEAK 250V 
REPETITIVE 300V 
REVERSE 350Y 
VOLTAGE 

400V 
500V 
600V 
800V 
1000V 


1N4001 


MR1337-1 




1N4719 
(MR1030A) 


1N4997 
(MR1030B) 


1N3879 


MR1120 


1N3889 


1N3208 


1N4002 


MR1337-2 


1N1563 


1N4720 
(MR1031A) 


IN4998 
(MR 103 IB) 


1N3880 


MR1121 


1N3890 


1N3209 




















1N4003 
•1N3611 


MR1337-3 


1N1564 


1N4721 
(MR1032A) 


1N4999 
(MR1032B) 


1N3881 


MR 1122 


1N3891 


1N3210 






















MR1337-4 


1N1565 


MR1033A 


MR1033B 


IN 3882 


MR 1123 


1N3892 


1N3211 




















1N4004 
•1N3612 


MR1337-5 


1N1566 


1N4722 
(MR1034A) 


IN 5000 
(MR1034B) 


IN 3883 


MR1124 


1N3893 


1N3212 




MR1337-6 


1N1567 


MR1035A 


MR1035B 




MR1125 




1N3213 


1N4005 
•1N3613 


MR1337-7 


1N1568 


1N4723 
(MR1036A) 


1N5001 
(MR1036B) 




MR1126 




1N3214 


1N4006 






1N4724 
(MR1038A) 


1N5002 
(MR1038B) 




MR1128 






1N4007 






1N4725 
(MR1040A) 


1N5O03 
(MR1040B) 




MR1130 






♦Available to USN Spec Ml L-S- 19500/228 


REVERSE 
ALL 


POLARITIES AVAI LAB LE 
3A TO lOOO A -TYPES 


IN 
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Silicon Rectifiers 



20A 



25A 



30A 



35A 



50A 



80A 



160A 



240A 400A 650A 1000 A 




50A 

CASE 100 



80A 
160A 
240A 
400A 

CASE 101 



CASE 103 CASE 104 



1N3491 

(MR322) 



MR1210 



1N3492 
(MR323) 



1N3493 
(MR324) 



1N3494 
(MR325) 



1N3495 
(MR326) 



REVERSE POLARITIES AVAILABLE IN ALL 3A TO lOOOA TYPES 
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Silicon Rectifiers 



LOW CURRENT RECTIFIERS -OA to 12. 0 Amperes 



Case 51 
1N3282 
1N3283 
1N3284 
1N3285 
1N3286 



Case 41® 

1N1730 

1N1731 

1N1732 

1N1733 

1N1734 

1N2382 

1N2383 

1N2384 

1N2385 



Case 59 

MR990 

MR991 

MR992 

MR993 

MR994 



Case 55 
1N1563 
1N1563A 
1N1564 
1N1564A 
1N1565 
1N1565A 
1N1566 
1N1566A 
1N1567 
1N1567A 
1N1568 
1N1568A 



1000 
1500 
2000 
2500 
3000 



1000 
1500 
2000 
3000 
5000 
4000 
6000 
8000 
10000 



1000 
1500 
2000 
2500 
3000 



100 
100 
200 
200 
300 
300 
400 
400 
500 
500 
600 
600 



0.2 
0.15 
0.10 
0.15 
0.10 
0.07 
0.07 



.250 
.250 
.250 
.250 
.250 



(55T) 1(150*0 | (25*0 J 



0.3 
0.3 
0.3 
0.3 



©See data sheet for device dimensions 



0.01 
0.01 
0.01 
0.01 
0.01 



0.01 
0.01 
0.01 
0.01 
0.01 



.005 
.003 
.005 
.003 
.005 
.003 
.005 
.003 
.005 
.003 
.005 
.003 



Case 59 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 



Case 60 

1N4719/MR1030A 
1N4720/MR1031A 
1N4721/MR1032A 

— /MR1033R 
1N4722/MR1034A 

— /MR1035A 
1N4723/MR1036A 
1N4724/MR1038A 
1N4725/MR1040A 



Case 70 

1N4997/MR1030B 
1N4998/MR1031B 
1N4999/MR1032B 

— /MR1033B 
1N5000/MR1034B 

— /MR1035B 
1N5001/MR1036B 
1N5002/MR1038B 
1N5003/MR1040B 



Case 56 
MR1120 
MR1121 
MR1122 
MR1123 
MR1124 
MR1125 
MR1126 
MR1128 
MR1130 



200 
400 
600 



200 
300 
400 
500 
600 
800 
1000 



200 
300 
400 



300 
300 
300 



12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 



300 
300 
300 
300 



FAST SWITCHING POWER RECTIFIERS - trr 



i 0.2 /isec maximum 



Case 52 
MR1337-1 
MR1 337-2 
MR1337-3 
MR1 337-4 
MR1337-5 



Case 50 
1N3879 
1N3880 



0.75 
0.75 
0.75 
0.75 
0.75 



0.75 
0.75 
0.75 
0.75 
0.75 



Case 50 
1N3881 
1N3882 
1N3883 
1N3889 
1N3890 
1N3891 
1N3892 
1N3893 



MEDIUM CURRENT RECTIFIERS — 15 to 35 Amperes 







Forward Current 








FtrwardCirreit 








lo 


Ifm [.„.,.: 








lo 




'mA 1 






Hip 


amps 






V,M(,.p| 

MltS 


amps 


amps 
























Vi. M|r . P , 
volts 


(150*0 


(25*0 


(150*0 




(150*C) 


(150*0 


(150*0 






Case 42 










Case 42 










1N3208 


50 


15 


250 


10 


1N1195 


300 


20 


350 


5.0 


1N3209 


100 


15 


250 


10 


1N1195A 


300 


20 


350 


3.2 


1N3210 


200 


15 


250 


10 


1N1196 


300 


20 


350 


5.0 


1N3211 


300 


15 


250 


10 


1N1196A 


300 


20 


350 


2.5 


1N3212 


400 


15 


250 


10 


1N1197 
1N1197A 


500 
500 


20 
20 


350 
350 


5.0 
2.2 


Case 43 


















1N1198 


600 


20 


350 


5.0 


1N3491-MR322 


50 


18 


300 


10 


1N1198A 


600 


20 


350 


1.5 


1N3492-MR323 


100 


18 


300 


10 


1N3213 


500 


20 


350 


10.0 


1N3493-MR324 


200 


18 


300 


8 


1N3214 


600 


20 


350 


10.0 


1N3494-MR325 


300 


18 


300 


6 


Case 43 










1N3495-MR326 


400 


18 


300 


4 




25 


400 


5.0 


MR327 


500 


18 


300 


3 


1N3659 


50 


MR328 


600 
800 


18 


300 


2.5 


1N3660 


100 


25 


400 


4.5 


MR330 


18 


300 


2 


1N3661 


200 


25 


400 


4.0 


MR331 


1000 


18 


300 


1.5 


1N36G2 
1N3863 


300 
400 


25 
25 


400 
400 


3.5 
3.0 


Case 42 






(150*C) 










Case 42 




| (140'C) 


| (140°C) 


| (140*0 


1N248B 
1N248C 


50 
55 


20 
20 


350 
350 


5.0 
3.8 




1N11B3 


50 


35 


400 


10 


1N249B 


100 


20 


350 


5.0 


1N1184 


100 


35 


400 


10 


1N249C 


110 


20 


350 


3.6 


1N1185 


150 


35 


400 
400 


10 


1N250B 


200 


20 


350 


5.0 


1N1186 


200 


35 


10 


1N250C 


220 


20 


350 


3.4 


1N1187 
IN1 188 


300 
400 


35 
35 


400 
400 


10 
10 


Case 42 


















1N1189 


500 


35 


400 


10 


1N1191 


50 


20 


350 


5.0 


1N1190 


600 


35 


400 


10 


1N1192 


100 


20 


350 


5.0 






















1N1193 


150 


20 


350 


5.0 












1N1194 


200 


20 


350 


5.0 
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Silicon Rectifiers 



HIGH CURRENT RECTIFIERS - 50 to lOOO AmpGr&& 



MR1200 
MR1201 
MR1202 
MR1203 
MR1204 
MR1205 
MR1206 
MR1207 



Flat-mount with solid lug terminal (FL) CD 



MR 1240 
MR 1241 
MR1242 
MR 1243 
MR 1244 
MR1245 
MR 1246 
MR1247 



with flexible braided lead (SB) or solid lug terminal (SL) , 
with flexible braided lead (FB) or solid lug terminal (FL) l 



Flat-mount with solid lug terminal (FL)(T) 



MR1210 
MR1211 
MR1212 
MR1213 
MR1214 
MR1215 
MR1216 
MR1217 



2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 



MR1260 
MR1261 
MR12S2 
MR1253 
MR1264 
MR12S5 
MR1266 
MR1267 



12000 
12000 
12000 
12000 
12000 
12000 
12000 
12000 



MR1220 
MR1221 
MR1222 
MR1223 
MR1224 
MR122S 
MR1226 
MR1227 
MR1230 
MR1231 
MR1232 
MR1233 
MR1234 
MR1235 
MR1236 
MR1237 



e braided lead (SB) or solid lug terminal (SL) , 
e braided lead (FB) or solid lug terminal (FL) t - 



aunt, water cooled 



3600 
3600 
3600 
3600 
3600 
3600 
3600 
3600 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 



MR1290 
MR1291 
MR1292 
MR1293 
MR1294 
MR1295 
MR129S 
MR1297 



1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 



18000 
18000 
18000 
18000 
18000 
18000 



<T)For desired package configuration (SB, SL, FB, FL) as well as reverse 
polarity (R), add the proper suffix to the part number, i.e. MR1237SBR. 
For complete outline dimensions and specifications see data sheets. 
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Silicon Rectifiers 



in248B C thruiN250B,C 

1 Nl 191 thru 1N1198 
1 Nil 95 A thru 1N1198A 
1N3213 thru 1N3214 



Medium current silicon rectifiers. Unique double - 
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case ; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix "R" to standard type number, e. g. 1N248BR. 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Rating 


Unit 


Peak Repetitive Reverse Voltage 
and 

DC Blocking Voltage 

1N248B, 1N1191 
1N248C 

1N249B, 1N1192 

1N249C 

1N1193 

1N250B, 1N1194 
1N250C 

1N1195, 1N1195A 
1N1196, 1N1196A 
1N1197, 1N1197A, 1N3213 
1NU98, 1N1198A, 1N3214 






Volts 


v R 


50 
55 
100 
110 
150 
200 
220 
300 
400 
500 
600 




RMS Reverse Voltage 

1N248B, 1N1191 
1N248C 

1N249B, 1N1192 

1N249C 

1N1193 

1N250B, 1NU94 
1N250C 

1N1195, 1N1195A 
1N1196, 1N1196A 
1N1197, 1N1197A, 1N3213 
1N1198, 1NU98A, 1N3214 


v r 


35 

38.5 

70 

77 
105 
140 
154 
210 
280 
350 
420 


Volts 


Average 1/2-Wave Rectified Forward Current 
(Resistive Load, 60 cps, T c = 150°C) 




20 


Amps 


Peak Repetitive Forward Current 
(T c = 150°C) 


! FM (rep) 


90 


Amps 


Peak Surge Current 
(T c = 150°C, superimposed on Rated 
Current at Rated Voltage, 1/2-Cycle, 
1/120 sec) 


l FM (surge) 


350 


Amps 
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lo = 20 A 
V R to 600 V 




(DO-5) 



Silicon Rectifiers 



lN248B f C thru 1N250B,C (continued) 



THERMAL CHARACTERISTICS 

Maximum Operating and Storage Temperature: — 65 to + 190°C 
Maximum Thermal Impedance, Junction to Case: 0 JC = 1.50°C/W DC 



ELECTRICAL CHARACTERISTICS 



Characteristics 


Symbol 


Max 


Unit 


Full Cycle Average Forward Voltage Drop 
(Iq ( m ax)' rated v r> 60 C P S < T C = 150 ° c ) 


r \t\v ) 


0.6 


Volts 


Instantaneous Forward Voltage Drop 
(i F = 100 Amps, Tj = 25°C) 


V F 


1.5 


Volts 


Full Cycle Average Reverse Current 

(Io (max)- rated v r' 60 C P S ' T C = 150 ° c ) 
1N248B thru 1N250B, 1N1191 thru 1N1198 
1N248C 
1N249C 
1N250C 
1N1195A 
1N1196A 
1N1197A 
1N1198A 

1N3213 and 1N3214 


r R(AV) 


5.0 
3.8 
3.6 
3.4 
3.2 
2.5 
2.2 
1.5 
10.0 


mA 


DC Reverse Current 
(Rated V R , T c = 25°C) 


hi 


1.0 


mA 



MAXIMUM AVERAGE FORWARD CURRENT RATING 

versus MAXIMUM CASE TEMPERATURE TYPICAL FORWARD CHARACTERISTICS 




T c , MAXIMUM CASE TEMPERATURE (°C) v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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Silicon Rectifiers 

lNl 124, A thru inI 128, A 

Obsolete, discontinued types, replace with devices from the MR1030 series. 



TNll83thrulNll90 lo = 35 A 

V R - to 600 V 




Medium current silicon rectifiers. Unique double- 
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix "R" to standard type number, e.g. 1N1183R. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Peak Repetitive Reverse Voltage 
and 

DC Blocking Voltage 

1N1183 
1N1184 
1N1185 
1N1186 
1N1187 
1N1188 
1N1189 
1N1190 


V RM (rep) 
V R 


50 
100 
150 
200 
300 
400 
500 
. 600 


Volts 


RMS Reverse Voltage 

1N1183 
1N1184 
1N1185 
1N1186 
1N1187 
1N1188 
1N1189 
1N1190 


V 

r 


35 
70 
105 
140 
210 
280 
350 
420 


Volts 


Average 1/2 -Wave Rectified Forward 
Current 

(Resistive Load, 60 cps, T c = 140° C) 




35 


Amperes 


Peak Repetitive Forward Current 
(T c = 140°C) 


*FM (rep) 


150 


Amperes 


Peak Surge Current 

(T^ = 140°C, superimposed on Rated 

Current at Rated Voltage) 


*FM (surge) 


400 


Amperes 


Operating and Storage Temperature 


T J> T stg 


-65 to +190 


°C 


Thermal Impedance 




1.0 


°c/w, 

DC steady state 
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■ Silicon Rectifiers - 



INT 183 thru 1N1190 (continued; 



ELECTRICAL CHARACTERISTICS 



Characteristics 


Symbol 


Rating 


Unit 


Max. Full Cycle Average Forward Voltage Drop 
^(max)' ratedV r> 60 C P S > T C =140°C) 


A \T\ 

t ia v; 


0 6 


Volts 


Max Instantaneous Forward Voltage Drop 
(i p = 100 Amps, Tj = 25°C) 


V F 


1.3 


Volts 


Max Full Cycle Average Reverse Current 
(I 0(max)> rated V 60c P s > T C =140°C) 




10.0 


mA 


Max DC Reverse Current 
(Rated V R , T c = 25° ) 


hi 


1.0 


mA 



MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 



TYPICAL FORWARD CHARACTERISTICS 




120 140 160 180 

T c , MAXIMUM CASE TEMPERATURE (°C) 



1000 
® 800 
600 

400 



£ loo 

§ 80 

q 60 
en 

i 40 
o 

1 20 

UJ 

i io 
i 8 

i 6 
4 

2 

1 



























































































































































































































































i 
















150 c 








!5°C 














































































































1 















0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



INll91thrulNll98 



For Specifications, See 1N248B Data Sheet 
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Silicon Rectifiers 



,Nl563,A,h„,,Nl568.A 

Low-current silicon rectifiers in hermetically sealed, 
low-silhouette single- ended package designed to operate 
under military environmental conditions. Cathode 
CASE 55 \\ connected to case, but reverse polarity devices are 

available on special order. 




MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 



Rating 


Symbol 


1N1563A 
1N1563 


1N1564A 
1N1564 


1M1565A 
1N1565 


1N15G6A 
1N1566 


1N1567A 
1N1567 


1N1568A 
1N1568 


Unit 


Peak Repetitive Reverse Voltage 
DC Blocking Voltage 


v RM(rep) 
V R 


100 


200 


300 


400 


500 


600 


Volts 


RMS Reverse Voltage 


V 

r 


70 


140 


210 


280 


350 


420 


Volts 


Average Half- Wave Rectified 
Forward Current (55°C Ambient) 
(150°C Ambient) 




1500 
300 


1500 
300 


1500 
300 


1500 
300 


1500 
300 


1500 
300 


mA 
mA 


Peak Surge Current 

(1/2 Cycle Surge, 60 cps) 
Peak Repetitive Forward Current 


*FM(surge) 
r FM(rep) 


70 
10 


70 
10 


70 
10 


70 
10 


70 
10 


70 
10 


Amps 
Amps 


Operating and Storage Temperature 
Range 


T _ T , 
J stg 


-65 to +175 


°c 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


1N1563A 
1N1568A 
Rating 


1H1563- 
INI 568 
Rating 


Unit 


Maximum Forward Voltage Drop @ 500 mA, (25°C) 
Continuous DC (150°C) 


v F 


1.2 
0.9 


1.2 
1.0 


Volts 


Maximum Reverse Current @ Rated DC Voltage (25°C) 


*R 


1.5 




/iA 


Maximum Full-Cycle Average Reverse Current (25°C) 
@ Max Rated PIV and Current (as Half- Wave (150°C) 
Rectifier, Resistive Load 


*R(AV) 


3.0 

150 


5.0 
500 


HA 
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Silicon Rectifiers 

iN2609thru in2617 

Obsolete, discontinued types, replace with devices from the 1N4001 series. 



!N3189thrulN3191 



Obsolete, discontinued types, replace with devices from the 1N4001 series. 



iN3208tim,iN3212 



Medium-current silicon rectifiers. Cathode con- 
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix M R ,T to type 
number, e. g. 1N3208R. Supplied with mounting hard- 
ware. 



MAXIMUM RATINGS 



Rating 


Symbol 


1N3208 
1N3208R 


1N3209 
IN3209R 


1N3210 
1N3210R 


1N3211 
1N3211R 


1N3212 
1N3212R 


Unit 


D-C Blocking Voltage 




50 


100 


200 


300 


400 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


140 


210 


280 


Volts 


Average Half -Wave Rectified 
Forward Current With Re- 
sistive Load 


V 


15 


15 


15 


15 


15 


Amps 


Peak One Cycle Surge Current 
(60 cps & 25° C Case Temp) 


*FM (surge) 


250 


250 


250 


250 


250 


Amps 


Operating Junction Tempera- 
ture 




-65 to + 175 


°c 


Storage Temperature 


T 

stg 


-65 to + 175 


°C 



*T C = 150°C 

ELECTRICAL CHARACTERISTICS (All Types) at 25°C Case Temp. 



Characteristic 


Symbol 




Maximum Forward Voltage at 40 Amp D-C Forward 
Current 


V F 


1.5 


Volts 


Maximum Reverse Current at Rated D-C Reverse 
Voltage 


hi 


1.0 


mAdc 


Typical Thermal Resistance, Junction To Case 


e JC 


1.7 


C/W 
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lo z= 15 A 
V R _ to 400V 




Silicon Rectifiers 

in3213in3214 

For Specifications, See 1N248B Data Sheet 



iN3282thru in3286 



lo= 100 mA 
V R - to 3000 V 



CASE 51 

(DO-7) 




Low-current silicon rectifiers for applications re- 
quiring extremely high reverse - voltage capability. 
Hermetically sealed, subminiature glass package, 
offering excellent stability and reliability under envi- 
ronmental extremes. 



MAX I MUM R ATI NGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 



Rating 


Symbol 


1N3282 


1N3283 


1N3284 


1N3285 


1N3286 


Unit 


Peak Repetitive Reverse 
Voltage 


V RM(rep) 


1000 


1500 


2000 


2500 


3000 


Volts 


DC Blocking Voltage 


V R 














RMS Reverse Voltage 


V 

r 


700 


1050 


1400 


1750 


2100 


Volts 


Average Half -Wave Rectified 

Forward Current 

(25° C Ambient) 
(100° C Ambient) 


x o 


100 
50 


100 

50 


100 
50 


100 
50 


100 
50 


mA 
mA 


Peak Surge Current 
(1/2-cycle, 60 cps) 


^FM (surge) 


2. 5 


2.5 


2.5 


2.5 


2.5 


Amps 


Peak Repetitive Forward 
Current 


^Mfcrep) 


0. 50 


0. 50 


0. 50 


0. 50 


0. 50 


Amps 


Operating and Storage 
Temperature Range 


T., T . 
J stg 


-65 to + 150 


°c 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Rating 


Unit 


Maximum Forward Voltage Drop @ 100 mA, 
Continuous DC (25° C) 


V F 


2.5 


Volts 


Maximum Full-Cycle Average Forward Voltage 
Drop @ Rated Current (100° C) 


V F(AV) 


1.2 


Volts 


Maximum Reverse Current @ Rated DC Voltage 
(25° C) 


hi 


1.0 


M 


(100°C) 




10. 0 




Maximum Full-Cycle Average Reverse Current 
@ Max Rated PIV and Current (as Half -Wave 
Rectifier, Resistive Load, 100° C) 


1 r(av) 


10.0 


MA 


Typical Thermal Resistance, Junction to Air Ambient 


°JA 


400 


° C/W 
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Silicon Rectifiers 



1N3282 thru 1N3286 (continued) 




lN3491thrulN3495 8 o = 25A 

FORMERLY 
MR 322 thru MR 326 



FORMERLY V R - to 400 V 




Low-cost, medium- current, silicon rectifiers in 
hermetically sealed, press-fit case. Designed for 
industrial and commercial applications requiring oper- 
ation under severe environmental conditions. Cathode 
connected to case, butavailable with reverse polarity 
by adding suffix "R" to type number. 



MAXIMUM RATINGS 



Rating 


Symbol 


1N3491 
MR322 


1N3492 
MR323 


1113493 
MR324 


1N3494 
MR325 


1N3495 
MR326 


Unit 


Peak Repetitive Reverse Voltage 
DC Blocking Voltage 


v RM(rep) 
VR 


50 


100 


200 


300 


400 


Volts 


RMS Reverse Voltage 


V r 


35 


70 


140 


210 


280 


Volts 


Average Half-Wave Rectified For- 
ward Current With Resistive Load 
100°C 
150°C 


: o 


25 
18 


25 
18 


25 
18 


25 
18 


25 
18 


Amps 


Peak Repetitive Forward Current 
(60 cps & 25 C C Case Temp. ) 


! FM(rep) 


75 


75 


75 


75 


75 


Amps 


Peak One Cycle Surge Current 
(60 cps & 25°C Case Temp. ) 


^FM (surge) 


300 


300 


300 


300 


300 


Amps 


Operating Junction Temperature 


T J 






65 to +175 




°c 


Storage Temperature 


T stg 






65 to +175 




°c 
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Silicon Rectifiers 



1N3491 thru 1N3495 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 



Characteristic 


Symbol 


1N3491 
MR322 


IN 3492 
MR323 


1N3493 
MR324 


1N3494 
MR325 


1N3495 
MR326 


Unit 


Maximum Forward Voltage at 
100 Amp DC Forward 


V F 


1.5 


1. 5 


1.5 


1.5 


1. 5 


Volts 


Maximum Full-Cycle Average 
Forward Voltage Drop @ Rated 
Current and Voltage 


V F(AV) 


0.7 


0.7 


0.7 


0.7 


0.7 


Volts 


Maximum Reverse Current at 
Rated DC Reverse Voltage 


T 

R 


1.0 


1.0 


1.0 


1.0 


1.0 




Maximum Full- Cycle Average 
Reverse Current at Rated 
Current and Voltage 

(as Half-Wave Rectifier, 
Resistive Load, 150°C Case) 


J R(AV) 


10 


10 


8 


6 


4 


mAdc 


Thermal Resistance 


6 JC 


1 


°C/W 



TYPICAL FWD CHARACTERISTICS (ALL TYPES) 



MAXIMUM ALLOWABLE DC OUTPUT (ALL TYPES) 





0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V f , FORWARD VOLTAGE DROP (VOLTS) 



T c , CASE TEMPERATURE (°C) 



2. 
3. 
4. 



MR322-MR326 and 1N3491-1N3495 rectifiers are designed for press-fitted mounting in a heat sink. 
Recommended procedures for this type of mounting are as follows: 
1. Drill a hole in the heat sink 0. 499 ± . 001 inch in diameter. 

Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 
ed into the hole. 

The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 
with the knurled rectifier surface. 
Width of the break should be 0. 010 inch as shown. 
These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area. for the rectifier knurled edge, as well as additional heat sink capacity. 

TYPICAL THERMAL 1 ^ — 

RESISTANCE, CASE 
TO SINK, tla = 0.2-C/W 





j L»_ 0.499 -1. 0.001 DIA 

HEAT SINK MOUNTING 



COMPLETE , 
KNURL CONTACT / TH , N CHA SSIS 



THIN-CHASSIS MOUNTING 
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Silicon Rectifiers 



USN 1N361 Ithru USN 1n3613 



V R - to 600 V 



CASE 59 



Subminiature silicon rectifier with glass passivated 
surface in void-free, flame-proof, silicone polymer 
case. Tested in accordance with MIL-S- 19500/228 
for military applications requiring up to 1 ampere 
output at 100°C. 



MAXIMUM RATINGS 

(At 60 cps Sinusoidal Input. Resistive or Inductive Load) 



Characteristic 


Symbol 


USN1N3611 


USN1N3612 


USN1N3613 


Unit 


Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM (wkg) 
Vr 


200 


400 


600 


Volts 


Peak Repetitive Reverse Voltage 


V RM (rep) 


240 


480 


720 


Volts 


Average Rectified Forward Current 
T A = 100°C 
T A - 150°C 


J o 


1.0 

-« 0.3 - 


Adc 


Non-Repetitive Peak Surge Current 
(1/2 cycle, 60 cps) 


*FM (surge) 


^ 10 » 


Amps 


Operating and Storage 
Temperature Range 


T A> T stg 


- -65 to +175 - 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristics and Conditions 



Symbol 



Minimum 



Maximum 



Forward Voltage 
(I F = 1.0 Adc, T A = 100°C) 

Reverse Current 
(V R = 200 Vdc) USN 1N3611 
(V R = 400 Vdc) USN 1N3612 
(V R = 600 Vdc) USN 1N3613 

Reverse Current at Rated V R M(rep) 
(V RM ( rep ) = 240 Vdc) USN 1N3611 
(V RM ( rep ) = 480 Vdc) USN 1N3612 

( v RM(rep) = 720 Vdc > USN 1N3613 
High Temperature Operation: 
Reverse Current (a T A = 150°C 
(V R = 200 Vdc) USN 1N3611 
(V R = 400 Vdc) USN 1N3612 
(V R = 600 Vdc) USN 1N3613 



0.6 



1.2 

5 
5 
5 

100 
100 
100 



300 
300 
300 
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Silicon Rectifiers 



iN3649thruiN3650 



Obsolete, discontinued types, replace with devices from the 1N4719 series. 



1 N3659thru 1 N3663 V r _ 400 V 



Low-cost silicon rectifiers in hermetically sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R" to type number. 



MAXIMUM RATINGS at 25°C Case Temp. Unless Otherwise Indicated 



Rating 


Symbol 


1N3659 
1N3659R 


1N3660 
1N3660R 


1N3G61 
1N3661R 


1N3662 
U13662R 


1N3663 
1N3663R 


Units 


Peak Repetitive Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
Vr 


50 


100 


200 


300 


400 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


140 


210 


280 


Volts 


Average Half- Wave Rectified For- 
ward Current with Resistive Load 
@ 100°C case 
@ 150°C case 


l o 


30 
25 


30 
25 


30 
25 


30 
25 


30 
25 


Amps 
Amps 


Peak One Cycle Surge Current 
(150°C case temp, 60 cps) 


I FM(surge) 


400 


400 


400 


400 


400 


Amps 


Operating Junction Temperature 


T J 




-65 to +175 


°C 


Storage Temperature 


T stg 




-65 to +200 


°C 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Symbol 


1H3659 
1N3659R 


1N3660 
1N3660R 


1N3861 
1N3661R 


1N3S62 
1N36S2R 


1N3663 
1N3663R 


Unit 


Maximum Forward Voltage 

at 25 Amp DC Forward Current 


V F 


1.2 


1.2 


1.2 


1.2 


1.2 


Volts 


Maximum Full Cycle Average 
Forward Voltage Drop @ Rated 
PIV and Current 


V F(AV) 


0.7 


0.7 


0.7 


0.7 


0.7 


Volts 


Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 
Current (as half- wave rectifier, 
resistive load, 150°C) 


X R(AV) 


5.0 


4.5 


4.0 


3.5 


3.0 


mA 


Thermal Resistance 


0JC 


1 


C/W 
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■ Silicon Rectifiers • 



1N3659 thru 1N3663 (continued) 
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•25°C 


















-55° 


C 




















































if. 















0.2 0.4 0.6 0.8 1.0 1.2 1.4 
V„ FORWARD VOLTAGE (VOLTS) 




50 100 150 

T c , CASE TEMPERATURE (°C) 



1N3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 

1. Drill a hole in the heat sink 0. 499 ± . 001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 
ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0. 010 inch as shown. 

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. K the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

.These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 




THIN-CHASSIS MOUNTING 
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■ Silicon Rectifiers • 



iN3879thru in3883 

6 AMPERES 

iN3889thru in3893 

12 AMPERES 



lo = 6and 12 A 
V R - to 400 V 




CASE 56A 

(DO-4) 



Fast recovery silicon power rectifiers designed for 
high-frequency power supply, inverter, and converter 
applications. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to more 
than 300, 000 cps thus permitting the design of power 
supplies with smaller, lighter, and less expensive 
associated components. Cathode connected to case, but 
available with reverse polarity by adding suffix "R" to 
type number. 



MAXIMUM RATINGS 



Rating 


Symbol 


1N3879 
1N38B9 


1N3880 
1N38S0 


1N3881 
1N3891 


1N3882 
1N3892 


1N3883 
1N3893 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


50 


100 


200 


300 


400 


Volts 


Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, 
60 cycle peak) 


RM(non-rep) 


100 


200 


300 


400 


500 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


140 


210 


280 


Vofts 


Rating 


Symbol 


1N3879 

thru 
1N3883 


1N3889 

thru 
1N3893 


Unit 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T c = 100°C) 


l 0 


6 


12 


Amperes 


Non-Repetitive Peak Surge Current 
(superimposed on rated current at 
rated voltage, T c = 100°C) 


*FM(surge) 


75 


150 


Amperes 


r^t Rating (non- repetitive, for t 
greater than 1 msec and less 
than 8. 3 msec) 


I 2 t 


15 


50 


A/ v sec 
(rms) 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max Limit 


Unit 


Maximum Junction Operating Temperature Range 
Maximum Case Storage Temperature Range 


t j 

T 

stg 


-65 to +150 
-65 to +175 


°c 


Maximum Steady State DC Thermal Resistance 1N3879-83 

1N3889-93 


6 JC 


5.0 
2.5 


°C/Watt 
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Silicon Rectifiers 



1N3879 thru 1N3893 (continued) 

ELECTRICAL CHARACTERISTICS 
1N3879 thru 1N3883 



Characteristic 


Symbol 


Max Limit 


Unit 


DC Forward Voltage Drop 
(I p = 6.0 Adc, T c = 25°C) 




1.4 


Vdc 


Full Cycle Average Reverse Current 
(I Q = 6. 0 Amps and Rated V r , 60 cps 

T c = 100° C, single phase) 


Wv) 


3.0 


mA 


DC Reverse Current 
(Rated V R , T Q = 100° C) 


ht 


1.0 


mA 



1N3889 thru 1N3893 



Characteristic 


Symbol 


Max Limit 


Unit 


DC Forward Voltage Drop 
(I F = 12.0 Adc, T c = 25° C) 


V F 


1.4 


Vdc 


Full Cycle Average Reverse Current 
(I Q = 12. 0 Amps and Rated V , 60 cps 

T c = 100° C, single phase) 




5.0 


mA 


DC Reverse Current 
(Rated V R , T c = 100° C) 


hi 


3.0 


mA 



REVERSE RECOVERY TIME CHARACTERISTICS 



Characteristic 


Symbol 


Max Limit 


Unit 


Maximum Reverse Recovery Time 
(Ip = 1 Amp min, see test circuit) 


t 

rr 


200 


nsec 


Maximum Overshoot Current 
(see test circuit) 


I 

OS 


2.0 


Amps 
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■ Silicon Rectifiers • 



lN3879thru 1N3893 (continued) 

TYPICAL REVERSE RECOVERY TIME- ALL TYPES 




REVERSE RECOVERY TIME (nsec) 



1N3879-83— ^ N 






10 




20 




9 




18 












8 




16 












7 




14 












6 




12 








| 


5 




10 


o 










4 




8 




3 




6 












2 




4 












1 




2 




0 




0 



MAXIMUM AVERAGE FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 




105 110 115 120 125 
T Cl MAXIMUM CASE TEMPERATURE (° C) 



MAXIMUM REVERSE RECOVERY TIME 
TEST CIRCUIT (t rr ) 




30 Vdc 
CONSTANT VOLTAGE 
SUPPLY 

o— 



1 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
2. ut = Vs n MAX, DC TO 2 KC 

o- 



A — Tektronix 545A, 
K Plug-in Pre-Amp, 
P6000 Probe of Eq. 

Ri — Adjusted for 1.4S2 
between point 2 of 
relay and rectifier. 
Inductance ^ 3 fih. 

Ri - Ten 1 W, 100, 
1% carbon comp. in 
parallel. 

Tc = 25~^£°C for 
rectifiers. 

Minimize all lead 
lengths. 
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Silicon Rectifiers 



IN400Lhru 1N4007 



lo= 1 A 

V R - to 1000 V 




Low-current, passivated silicon rectifiers in 
subminiature void-free, flame-proof silicone polymer 
case. Designed to operate under military environmental 
conditions. 

CASE 59 

MAXIMUM RATINGS (At 60 cps Sinusoidal, Input, Resistive or Inductive Load) 



Rating 


Symbol 


1N4001 


1N4002 


1N4003 


1N4004 


1N4005 


1N4006 


1N4007 


Unit 


Peak Repetitive Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V R 


50 


100 


200 


400 


600 


800 


1000 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


140 


280 


420 


560 


700 


Volts 


Average Half -Wave Rectified 
Forward Current (75 °C Ambient) 
(100°C Ambient) 




1000 
750 


1000 
750 


1000 
750 


1000 
750 


1000 
750 


1000 
750 


1000 
750 


mA 
mA 


Peak Surge Current 25° C 

(1/2 Cycle Surge, '60 cps) 
Peak Repetitive Forward Current 


I FM(surge) 
*FM(rep) 


30 
10 


30 
10 


30 
10 


30 
10 


30 
10 


30 
10 


30 
10 


Amps 
Amps 


Operating and Storage 
Temperature Range 


J, stg 


-65 to + 175 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Rating 


Unit 


Maximum Forward Voltage Drop 
(1 Amp Continuous DC, 25°C) 


V F 


1. 1 


Volts 


Maximum Full-Cycle Average Forward Voltage Drop 
(Rated Current @ 25°C) 


V F(AV) 


0.8 


Volts 


Maximum Reverse Current @ Rated DC Voltage (25°C) 

(100°C) 


l R 


0. 01 
0. 05 


mA 


Maximum Full-Cycle Average Reverse Current 
(Max Rated PIV and Current, as Half-Wave 
Rectifier, Resistive Load, 100°C) 




0. 03 


mA 



TYPICAL FORWARD CHARACTERISTICS 



MAXIMUM DC OUTPUT 





0.2 0.4 0.6 0.8 1.0 
V F , FORWARD VOLTAGE DROP (VOLTS) 



0 25°C 50°C 75°C 100°C 125°C 150°C 175°C 
T Al AMBIENT TEMPERATURE 
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Silicon Rectifiers 

i N 4719thrui N 4725 J, 0 = 3A 

iN4997thru in5003 v *~ to 1000 v 

MR 1030 thru MR1036, MR1038, MR1040 



CASE 60 CASE 70 

1N4719 THRU 1N4725 1N4997 thru 1N5003 

MR1030A THRU MR1040A MR1030B THRU MR1040B 



Silicon high-conductance rectifiers available in either 
axial -lead or single -ended packages. Type numbers 
shown have cathode connected to case. For anode- 
to-case connection, add suffix "R" to type number, 
i. e. 1N4702R 



MAXIMUM RATINGS (Both Package Types) Ta = 25°C unless otherwise noted 



Ratine 


Symbol 


1N4719 
MK1030 


1N4720 
HR1031 


1N4721 
MR1032 


MI1033 


1N4722 
MR1034 


MR1035 


1N4723 
MR1036 


1N4724 
MR1038 


1N4725 
MR1040 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM (rep) 
Vrm (wkg) 
V R 


50 


100 


200 


300 


400 


500 


600 


800 


1000 


Volts 


Non-Repetitive Peak Reverse 
Voltage 
(one half- wave, single phase, 
60 cycle peak) 


Vrm 
(non-rep) 


100 


200 


300 


400 


500 


600 


720 


1000 


1200 


Volts 


RMS Reverse Voltage 


V r 


35 


70 


140 


210 


280 


350 


420 


560 


700 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T A = 75°C) see figure 4 


*o 


-< 3.0 


Amps 


Peak Repetitive Forward Current 
(T A = 75°C) 


*FM (rep) 


-< 25 v- 


Amps 


Non-Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T A =• 75°C) 
see figure 1 


*FM (surge) 


-< 300 (for 1/2 cycle) 


Amps 


I 2 t Rating (non- repetitive, 
1 msec <t <8.3 msec) 


I 2 t 


-< 185 


A (rms) 2 sec 


Operating and Case Temperature 


T J' T stg 


-65 to + 175 


oc 


Thermal Resistance 


e JrA 


30 


°C/Watt 
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■ Silicon Rectifiers • 



lN4719thru 1N4725 (Continued) 
ELECTRICAL CHARACTERISTICS (All Types) 



Characteristic 


Symbol 


Max Limit 


Unit 


Full Cycle Average Forward Voltage Drop 
(Iq = 3.0 Amps and Rated V r , 
T A = 75°C, Half Wave Rectifier) 


V F(AV) 


0.45 


Volts 


DC Forward Voltage Drop 
(I F = 3.0 Adc, T A - 25°C) 




0.9 


Volts 


Full Cycle Average Reverse Current 
(Iq = 3.0 Amps and Rated V r , 
T A = 75°C, Half Wave Rectifier) 


J R(AV) 


1.5 


mA 


DC Reverse Current 
(Rated V R , T A = 25°C) 




0.5 


mA 



MAXIMUM SURGE CURRENT T A = 75°C) 




FORWARD VOLTAGE CHARACTERISTICS 




4 6 8 10 20 
CYCLES AT 60 CYCLES PER SECOND 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS)- 



MAXIMUM FORWARD POWER 
DISSIPATION versus AVERAGE FORWARD CURRENT 




0 1 2 3 4 

l f [ly| , AVERAGE FORWARD CURRENT (AMPS) 



MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE 



— i — i — i — i — i — i — i — r~ 

(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 




80 100 120 140 
T A , AMBIENT TEMPERATURE (°C) 



MR322 thru mr326 

For Specifications, SeelN3491 Datasheet 
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Silicon Rectifiers 

MR990 thru MR994 vJoaOoSO 




High- voltage, low- current, rectifiers designed for 
applications where high voltages in subminiature pack- 
ages are required. These devices feature efficient 
high-temperature current- handling performance, high 
surge- current capabilities and surface passivation. 



CASE 59 



MAXIMUM RATINGS (Ta - 25°C unless otherwise noted) 



Rating 


Symbol 


MR990 


MR991 


MR992 


MR993 


MR994 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
v RM(wkg) 
V R 


1000 


1500 


2000 


2500 


3000 


Volts 


RMS Reverse Voltage 


v r 


700 


1050 


1400 


1750 


2100 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T A = 75°C) 


l o 




mA 


- 250 


Peak Repetitive Forward Current 
(T A = 75°C) 


J FM(rep) 


2.0 - 


Amps 




Non-Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T A = 75°C) 


I FM(surge) 


20 (for 1/2 cycle) ► 


Amps 


Junction Operating and Storage 
Temperature Range 


T J> T stg 


-65 to +150 *~ 


°c 



THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: 0 JA = 100°C/W MAX (1 inch lead length) 
ELECTRICAL CHARACTERISTICS (At 60 cps Sinusoidal, Resistive or Inductive) 



Characteristics 


Symbol 


Max 


Unit 


Full Cycle Average Forward Voltage Drop 
(Iq = 0.25 Amps and Rated V r , 
T A = 75°C, Half Wave Rectifier) 


V F(AV) 


1.7 


Volts 


DC Forward Voltage Drop 
(I F = 0.25 Adc, T A = 25°C) 


V F 


3.5 


Volts 


Full Cycle Average Reverse Current 
(Iq = 0.25 Amps and Rated V r , 
T A = 75°C, Half Wave Rectifier) 


*R(AV) 


100 


ma 


DC Reverse Current 
(Rated V R , T A = 25°C) 


*R 


10 


ma 
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Silicon Rectifiers 

MR990 thru MR994 (continued) 



TYPICAL FORWARD CHARACTERISTICS TYPICAL REVERSE CHARACTERISTICS 




0 1 2 3 4 5 6 7 8 0 0.2 0.4 0.6 0.8 1.0 1.2 

v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) V R , V RM , NORMALIZED VOLTAGE (VOLTS) 



CURRENT DERATING 




0 60 70 80 90 100 110 120 130 140 150 

T A , AMBIENT TEMPERATURE (°G) 



MAXIMUM ALLOWABLE NON-REPETITIVE SURGE CURRENT 



„ 20 



2 































































































— RECTIFIE 
MAXIMU 


k urtKHitu HI 
M RATED CONDITIONS. 
APPLIED AFTER SURG 
°C. 
































V R M(r.p 

T A = 75 


E, 



































































































































































































































1 2 4 6 8 10 20 40 60 80 100 

NUMBER OF CYCLES AT 60 CYCLES PER SECOND 



MR1030 thru mr!036 

mr1038,mr1040 



For Specifications, See 1N4719 Data Sheet. 
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Silicon Rectifiers 



M„l 120 «,,»««! 126 k=;„ 2 , A ooov 

MRllZo 



MR 



1130 




Medium- current silicon rectifiers feature high surge 
current capacity, and low forward voltage drop. Devices 
have cathode to case polarity, but reverse polarity units 
may be obtained by adding the suffix ,r R M to the device 
number i.e. MR1130R. 



CASE 56A 

(DO-4) 



MAXIMUM RATINGS 



Rating 


Symbol 


MR 
1120 


MR 

1121 


MR 

1122 


MR 

1123 


MR 

1124 


MR 

1125 


MR 
1126 


MR 
1128 


MR 
1130 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM (rep) 
V RM (wkg) 
V R 


50 


100 


200 


300 


400 


500 


600 


800 


1000 


Volts 


Non-Repetitive Peak Reverse 
Voltage 

(one half-wave, single phase, 

60 cycle peak) 


Vr M 
(non- rep) 


100 


200 


300 


400 


500 


600 


720 


1000 


1200 


Volts 


RMS Reverse Voltage 


v r 


35 


70 


140 


210 


280 


350 


420 


560 


700 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T c =150°C) 




-« 12.0 ► 


Amps 


Peak Repetitive Forward Current 
(T c = 150°C) 


l FM(rep) 


75 


Amps 


Non-Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T c = 150°C) 


I FM(surge) 


300 (for 1/2 cycle) 


Amps 


I^t Rating (non- repetitive, 
1 msec <$ < 8.3 msec) 


ft 


375 


A (rms) 2 sec 


Maximum Junction Operating and 
Storage Temperature Range 


T J' T stg 


65 to +190 


°C 



ELECTRICAL CHARACTERISTICS (All Types) 



Characteristic 


Symbol 


Max Limit 


Unit 


Full Cycle Average Forward Voltage Drop 
(Iq = 12.0 Amps and Rated V r , 
T c = 150°C, Half Wave Rectifier) 


V F(AV) 


0.55 


Volts 


DC Forward Voltage Drop 
(I F = 12.0 Adc, T c = 25°C) 


V F 


1.0 


Volts 


Full Cycle Average Reverse Current 
(Iq = 12.0 Amps and Rated V r , 
T c = 150°C, Half Wave Rectifier) 


*R(AV) 


1.5 


mA 


DC Reverse Current 
(Rated V R , T c = 25°C) 




0.5 


mA 
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Silicon Rectifiers 



MRU 20 thru MR1 1 26, MR! 1 28, MR! 1 30 (continued) 



THERMAL CHARACTERISTICS 

Maximum Steady State DC Thermal Resistance, 0 JC : 2. 5°c/Watt 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant 
and the terminal lug is readily solderable. 

POLARITY: CATHODE TO CASE (reverse polarity units are available 
upon request and are designated by an "R" suffix i. e. MR1120R). 

MOUNTING POSITIONS: Any 

STUD TORQUE: 15 in-lbs maximum. 



TYPICAL FORWARD CHARACTERISTICS 




2.0 5.0 10 20 

i F , INSTANTANEOUS FORWARD CURRENT (AMPS) 



FORWARD POWER DISSIPATION 

Tin 



MAXIMUM ALLOWABLE SURGE CURRENT 





2 200 



8 12 16 20 24 

l F(AV ], AVERAGE FORWARD CURRENT (AMPS) 



5 10 20 50 100 200 500 
NUMBER OF CYCLES AT 60 CYCLES PER SECOND 
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— Silicon Rectifiers 

MRU 20 thru MR1 126, MRU 28, MR1 130 (continued) 



MAXIMUM CURRENT RATINGS 




0 130 140 150 160 170 180 190 



T c , MAXIMUM CASE TEMPERATURE CO 



EFFECTIVE TRANSIENT THERMAL IMPEDANCE 







































































Tj - T c r - ; Ojc (f) Pave 




















































































































60 
































































































































































i + 30 




















































































































































D 


C 



































































































































































































































































.001 .002 .005 .01 .02 .05 0.1 0.2 .05 1 2 5 10 

t, TIME (SECONDS) 



CURRENT DERATING DATA 

£ 14 1 1 1 1 1 1 




0 20 40 60 80 100 120 140 160 180 200 



T A , AMBIENT TEMPERATURE (°C) 
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Silicon Rectifiers 

MRU 20 thru MRU 26, MRU 28, MR] 130 (continued) 



RECTIFIER SUBSTITUTION GUIDE 

Due to its optimized design, this 12-ampere rectifier series (types MR1120 - 
MR1130) provides a high performance, economical solution to your specification 
and procurement requirements. Only nine types, covering the complete voltage 
range from 50 to 1000 volts, can substitute for a multitude of devices as typified 
in the table below. This table is only a guide and general reference to the EI A 
registered types which can be replaced; minor specification variations may 
exist. 



MR1120 


MR1121 


MR1122 


MR1123 


MR1124 


MR1125 


MR1126 


MR1128 


MR1130 


50V 


100V 


200V 


300V 


400V 


500V 


600V 


800V 


1000V 


1N607 


1N253 


1N254 


1N334 


1N255 


1N554 


1N256 


1N562 


1N563 


1N607A 


1N338 


1N336 


1N335 


1N332 


1N613 


1N555 


1N3649 


1N3650 


1N1199 


1N339 


1N337 


1N343 


1N333 


1N613A 


1N614 


1N3670 


1N3672 


1N1199A 


1N340 


1N345 


1N344 


1N341 


1N1119 


1N614A 


1N3670A 


1N3672A 


1N1341 


1N348 


1N346 


1N552 


1N342 


1N1127 


1N1120 


1N3671 


1N3673 


1N1341A 


1N349 


1N551 


1N611 


1N553 


1N1127A 


1N1128 


1N3671A 


1N3673A 


1N1537 


1N550 


1N609 


1N611A 


1N612 


1N1205 


1N1128A 


1N3987 


1N3989 


1N1612 


1N608 


1N609A 


1N1117 


1N612A 


1N1205A 


1N1206 


1N3988 


1N3990 




1N608A 


1N610 


1N1125 


1N1118 


1N1347 


1N1206A 








1N1115 


1N610A 


1N1125A 


1N1126 


1N1347A 


1N1348 








1N1200 


1N1116 


1N1203 


1N1126A 


1N1543 


1N1348A 








1N1200A 


1N1124 


1N1203A 


1N1204 


1N3573 


1N1544 








1N1342 


1N1124A 


1N1345A 


1N1204A 




1N1616 








1N1342A 


1N1201 


1N1541 


1N1346 




1N3574 








1N1538 


1N1201A 


1N3571 


1N1346A 












1N1613 


1N1202 




1N1542 












1N3569 


1N1202A 

1N1343 

1N1343A 

1N1344 

1N1344A 

1N1539 

1N1540 

1N1614 

1N3570 




1N1615 
1N3572 











NOTE: While the MR1120 through MR1130 are preferred device types, the 
above listed EIA types are also available upon request. 
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Silicon Rectifiers 

MRl200thruMRl209 ^ = 50 * 

V R = to 600 V 




Silicon power rectifiers designed with double -case, 
multi-cell construction for extreme reliability and rug - 
gedness. Standard cathode-to-case polarity, but avail- 
able with reverse polarity by adding suffix Tt R' r to type 
number. 



CASE 100 



MAXIMUM RATINGS 



Rating 


Symbol 


MR 

1200 


MR 
1201 


MR 

1202 


MR 

1203 


MR 

1205 


MR 

1207 


MR 
120B 


MR 
1209 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


50 


100 


150 


200 


300 


400 


500 


600 


Volts 


Non-Repetitive Peak Reverse Voltage 
(one half -wave, single phase, 
60 cycle peak) 


^RM (non-rep) 


100 


200 


250 


300 


400 


500 


600 


720 


Volts 


RMS Reverse Voltage 


V r 


35 


70 


105 


140 


210 


280 


350 


420 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, see Figure 3) T c = 150°C 


'o 


* 50 ► 


Amperes 




Non -Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, see Figure 5) 

T c = 150°C 


*FM (surge) 


800 (for 1/2 cycle) *- 

< 500 (for six consecutive cycles) » 


Amperes 


2 

I t Rating (non -repetitive, for t 
greater than 1 ms and less 
than 8. 3 ms) 


I 2 t 


-J 1,300 ► 


A (rms) 2sec 


Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 




~< 65 to +190 ► 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristics and Conditions 


Symbol 


Max 


Unit 


Full Cycle Average Forward Voltage Drop 

(rated I Q and V r> single phase, 60 cps, T c = 150°C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 

(rated I Q and V r> single phase, 60 cps, T c = 150°C) 


J R(AV) 


10 


mA 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


9 JC 


0.60 


°C/Watt 
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Silicon Rectifiers 



MR1200 thru MR! 209 (continued) 

MECHANICAL CHARACTERISTICS 
PACKAGE CONFIGURATION: 

MR1200FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

POLARITY: 

Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR1205FLR. 



MOUNTING POSITION: Any. 



MOUNTING BOLT TORQUES: 

For Flat Mounted"FL" rectifiers use 8-32 bolts torqued to 
30 in-lbs min.,40 in-lbs max. Use an alternating procedure 
when torquing the two bolts and do not tighten one bolt 
completely without tightening the other. 




80 



(60 CPS, RESISTIVE OR 
INDUCTIVE LOAD) 



50 
45.5 



3 PHASE 
. (HALF WAVE OR FULL WAVE) \ 
6 PHASE WITH INTERPHASE 



0 100 110 120 130 140 150 160 170 180 190 

T c , CASE TEMPERATURE (°C) 
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Silicon Rectifiers 

MR! 200 thru MR 1209 (continued) 



FIGURE 4 — EFFECTIVE TRANSIENT THERMAL IMPEDANCE 
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0.002 0.004 0.006 0.01 0.02 0.04 0.06 0.1 0.2 0.4 0.6 1.0 2 4 6 10 

t , TIME (SECONDS) 



FIGURE 5 - MAXIMUM ALLOWABLE SURGE CURRENT 
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FIGURE 6 -CURRENT DERATING DATA 




T A , AMBIENT TEMPERATURE (°C) 
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Silicon Rectifiers 



MRl210thru MR1219 




SL CASE 101 SB ^ CASE 102 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R M to type number. Avail- 
able in two package styles having identical ratings and characteristics. Desired 
package can be selected by adding suffix "SB" or "SL" to type number. 

maximum ratings (All Package Types) 



Rating 


Symbol 


MR 
1210 


MR 
1211 


MR 
1212 


MR 

1213 


MR 
1215 


MR 
1217 


MR 
121b 


MR 
1219 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


50 


100 


150 


200 


300 


400 


500 


600 


Volts 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


V RM (non- rep) 


100 


200 


250 


300 


400 


500 


600 


720 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


105 


140 


210 


280 


350 


420 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, see Figure 3) T c = 135°C 

T c = 150°C 


«0 




Amperes 


« 100 ► 


^ 80 


Non -Repetitive Peak Surge Currents 
(surge applied at rated load 
conditions, see Figure 5) 

T c = 150°C 


*FM (surge) 


-« 2, 000 (for 1/2 cycle) »- 

1,200 (for six consecutive cycles) » 


Amperes 


2 

I t Rating (non -repetitive, for t 
greater than 1 ms and less 
than 8. 3 ms) 


I 2 t 


8,300 ► 


A (rms) 2seC 


Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 


T J' T stg 


-65 to +190 ► 


°C 



electrical characteristics (All Package Types) 



Characteristics and Conditions 


Symbol 


Max 


Unit 


Full Cycle Average Forward Voltage Drop 

(rated 1^ and V r , single phase, 60 cps, = 150°C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 

(rated I Q and V f , single phase, 60 cps, T c = 150°C) 


! R(AV) 


15 


mA 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


6 JC 


0.40 


°C/Watt 
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l 0 =100A 
V R - to 600 V 



Silicon Rectifiers 

MR1210 thru MR1219 (continued) 



MECHANICAL CHARACTERISTICS 



PACKAGE CONFIGURATIONS: 



MR1210SB rectifiers are designed for stud mounting and 
have a flexible braided lead terminal. 



MR1210SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 



POLARITY: 

Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR 12 15 SLR. 

MOUNTING POSITION: Any. 
STUD MOUNTING TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers, 25 in-lbs min., 
30 in-lbs max. 




0 110 120 130 140 150 160 170 180 190 200 

T c . CASE TEMPERATURE (°C) 
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MR1210thru MR1219 



Silicon Rectifiers 

(continued) 



FIGURE 4 - EFFECTIVE TRANSIENT THERMAL IMPEDANCE 




" 1 I I I I I l l l l l l l l l ll l I I I I I I I i i i i i i i i i i 

0.002 0.004 0.006 0.01 0.02 0.04 0.06 0.1 0.2 0.4 0.6 1.0 2 4 6 10 

t, TIME (SECONDS) 




FIGURE 6 -CURRENT DERATING DATA 




CONDITIONS 

5 x 5 x % copper heat sink 

fin e i5 0.9 and mounted parallel 

to air flow, 180* conduction. 

For 3 phase ratings multiply 
current scale by 0.90. 

For 6 phase ratings multiply 
current scale by 0.63. 



0 20 40 60 80 100 120 140 160 180 200 

T x , AMBIENT TEMPERATURE (°C) 
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Silicon Rectifiers 



MRl220thruMRl229 




SL CASE 101 



lo = 200 A 
V R - to 600 V 

FL CASE 103 



Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode -to -case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 

MAXIMUM RATINGS 



Rating 



Symbol 



MR 

1220 



MR 
1222 



MR 

1223 



MR 
1228 



MR 
1229 



Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 



RM(rep) 
V RM(wkg) 
V R 



Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 



RM (non-rep) 



RMS Reverse Voltage 



35 70 105 140 210 280 350 420 



Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, see Figure 3) T„ = 135°C 



200 - 
160 ■ 



Non-Repetitive Peak Surge Currents 
(surge applied at rated load 
conditions, see Figure 5) 



3, 600 (for 1/2 cycle) - 



FM (surge) 



- 2, 000 (for six consecutive cycles) - 



I t Rating (non- repetitive, for t 
greater than 1 ms and less 
than 8. 3 ms) 



A 



Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 



ELECTRICAL CHARACTERISTICS 



Characteristics and Conditions 


Symbol 


Max 


Unit 


Full Cycle Average Forward Voltage Drop 

(rated I Q and V r , single phase, 60 cps, T c = 150°C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 

(rated I Q and V r , single phase, 60 cps, T c = 150°C) 


! R(AV) 


20 


mA 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


»JC 


0.20 


°C/Watt 
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Silicon Rectifiers 

MR 1220 thru MR! 229 (continued) 



MECHANICAL CHARACTERISTICS 
PACKAGE CONFIGURATIONS: 

MR1220SB rectifiers are designed for stud mounting and 
have a flexible braided lead terminal. 

MR1220FB rectifiers are designed for flat mounting and 
have a flexible braided lead terminal. 

MR1220SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

MR1220FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 



POLARITY: 

Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR1225FLR. 

MOUNTING POSITION: Any. 

STUD AND MOUNTING BOLT TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers, 300 in-lbs min., 
400 in-lbs max. 

For Flat Mounted "FB" and "FL" rectifiers use No. 10 bolts 
torqued to 25 in-lbs min., 30 in-lbs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 
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Silicon Rectifiers 

MR1220 thru MR! 229 (continued) 



FIGURE 4 - EFFECTIVE TRANSIENT THERMAL IMPEDANCE 

0.35 I 1 1 1 I ■ | | | 1 1 1 1 1 I I I I 1 1 1 r—T—r 




0 I 1 1 1 I I I I I 1 1 1 1 M ill 1 1 1 1 I I I I I 1 1 1 1 I I I I I 

0.002 0.004 0.006 0.01 0.02 0.04 0.06 0.1 0.2 0.4 0.6 1 2 4 6 10 

t, TIME (SECONDS) 



FIGURE 5 - MAXIMUM ALLOWABLE SURGE CURRENT 
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FIGURE 6 - CURRENT DERATING DATA 
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Silicon Rectifiers 



MRl230thru MR1239 




Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix tf SB n , "FB", M SL", 
or "FL" to type number. 
MAXIMUM RATINGS 



Rating 


Symbol 


MR 

1230 


MR 

1231 


MR 

1232 


MR 

1233 


MR 

1235 


MR 
1237 


MR 
1238 


MR 
1239 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


50 


100 


150 


200 


300 


400 


500 


600 


Volts 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


y 

RM (non -rep) 


100 


200 


250 


300 


400 


500 


600 


720 


Volts 


RMS Reverse -Voltage 




35 


70 


105 


140 


210 


280 


350 


420 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, see Figure 3) T c = 13 5° C 

T c = 150°C 


! o 


300 >- 

M 240 


Amperes 


Non-Repetitive Peak Surge Currents 
(surge applied at rated load 
conditions, see Figure 5) 

T c = 150°C 


*FM (surge) 


-« 5, 000 (for 1/2 cycle) 

-+ 3,000 (for six consecutive cycles) — ► 


Amperes 


2 

I t Rating (non- repetitive, for t 
greater than 1 ms and less 
than 8. 3 ms) 


I 2 t 


-« 52,000 


A, «2 sec 
(rms) 


Operating and Storage Junction 
Temperature Range (see Figure 4 
for other conditions) 


T J' T stg 


-* 65 to +190 >- 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristics and Conditions 


Symbol 


Max 


Unit 


Full Cycle Average Forward Voltage Drop 

(rated I Q and V f , single phase, 60 cps, T c = 150°C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 

(rated I Q and V , single phase, 60 cps, T c = 150°C) 


! R(AV) 


35 


mA 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


»JC 


0. 12 


°C/Watt 
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Silicon Rectifiers 

MR! 230 thru MR! 239 (continued) 



MECHANICAL CHARACTERISTICS 



PACKAGE CONFIGURATIONS: 

MR1230SB rectifiers are designed for stud mounting and 
have a flexible braided lead terminal. 

MR1230FB rectifiers are designed for flat mounting and 
have a flexible braided lead terminal. 

MR1230SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

MR1230FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 



POLARITY: 

Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR1235FLR. 

MOUNTING POSITION: Any. 

STUD AND MOUNTING BOLT TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers, 300 in-lbs min., 
400 in-lbs max. 

For Flat Mounted "FB" and "FL" rectifiers use l A inch bolts 
torqued to 60 in-lbs min., 80 in-lbs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 
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■ Silicon Rectifiers - 



MR! 230 thru MR! 239 (continued) 



FIGURE 4 — EFFECTIVE TRANSIENT THERMAL IMPEDANCE 
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FIGURE 5 - MAXIMUM ALLOWABLE SURGE CURRENT 
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CYCLES AT 60 CYCLES PER SECOND 



FIGURE 6 - CURRENT DERATING DATA 























CONDITIONS 

8 x 8 x Va copper heat sink 
fin e 0.9 and mounted parallel 
to air flow, 180* conduction. 
For 3 phase ratings multiply 
current scale by 0.90. 

For 6 phase ratings multiply 
current scale by 0.63. 
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Silicon Rectifiers 




Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode- to- case polarity, 
but available with reverse polarity by adding suffix "R Tt to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 



MAXIMUM RATINGS 



Rating 


Symbol 


MR 
1240 


MR 

1241 


MR 

1242 


MR 
1243 


MR 
1245 


MR 
1247 


MR 
1248 


MR 
1249 


Units 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


50 


100 


150 


200 


300 


400 


500 


600 


Volts 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


V RM (non-rep) 


150 


200 


250 


300 


400 


500 


600 


720 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


105 


140 


210 


280 


350 


420 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T c = 150C) 


I 

0 




ftmperes 


•* 400 ► 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, T c = 150' C) 


(surge) 


~* 8,000 (for 1/2 cycle) *- 

4, 500 (for six consecutive 1/2 cycles)— *- 


Amperes 


2 

I t Rating (non-repetitive, for t 
greater than 1 msec and less 
than 8. 3 msec) 


I 2 t 


-« 133,000 ► 


2 

A, > sec 
(rms) 


Operating and Case Temperature 


T J' T stg 


-65 to +190 


°C 


Thermal Resistance 


•jC 


0.075 


°C/Watt 



ELECTRICAL CHARACTERISTICS 



Characteristic and Conditions 


Symbol 


Maximum 

Limit 


Units 


Full Cycle Average Forward Voltage Drop 
(rated I and V r , single phase, 60 cps, T c = 150° C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 
( rated I Q and V r « single phase, 60 cps, T £ = 150° C) 


Wv) 


50 


mA 
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Silicon Rectifiers 



MR 1240 thru MR! 249 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 

'10,000 



MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 




0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
v, , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



T c , MAXIMUM CASE TEMPERATURE (°C) 



MAXIMUM SURGE CURRENT (Tc = 150°C) 




8 10 20 
CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 




CONDITIONS 

8 x 8 x Va copper heat sink 
fin€ ^ 0.9 and mounted parallel 
to air flow. 180° conduction. 

For 3 phase ratings multiply 
current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 



100 120 
T A , AMBIENT TEMPERATURE (°C) 
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Silicon Rectifiers 



MRl260thruMRl269 



| 0 = 650 A 
V R - to 600 V 




CASE 103 



Silicon power rectifiers designed with double-case, 
multi-cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 



MAXIMUM RATINGS 



Rating 


Symbol 


MR 

1260 


MR 

1261 


MR 

1262 


MR 

1263 


MR 
1265 


MR 
1267 


MR 
1268 


MR 
1269 


Units 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


^RM(rep) 
V RM(wkg) 
V R 


50 


100 


150 


200 


300 


400 


500 


600 


Volts 


Non-Repetitive Peak Reverse Voltage 
(one half -wave, single phase, 
60 cycle peak) 


V RM (non -rep) 


150 


200 


250 


300 


400 


500 


600 


720 


Volts 


RMS Reverse Voltage 


V 

r 


35 


70 


105 


140 


210 


280 


350 


420' 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T c = 150"C) 


I 

o 




Amperes 


650 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, T c = 150°C) 


*FM (surge) 


-« 12,000 (for 1/2 cycle) ► 

8,000 (for six consecutive 1/2 cycles)—*- 


Amperes 


2 

I t Rating (non- repetitive, for t 
greater than 1 msec and less 
than 8. 3 msec) 


I 2 t 


300,000 >■ 


2 

A. . sec 
(rms) 


Operating and Storage Temperature 




-65 to +190 


°C 


Thermal Resistance 


•jc 


0. 045 


°C/Watt 



ELECTRICAL CHARACTERISTICS 



Characteristic and Conditions 


Symbol 


Maximum 
Limit 


Units 


Full Cycle Average Forward Voltage Drop 
(rated I q and V f , single phase. 60 cps, T C =150°C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 
(rated I q and V r> single phase, 60 cps. T C =150°C) 


! R(AV) 


100 


mA 
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Silicon Rectifiers 
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Silicon Rectifiers • 



MRl290.hr„MRl299 'C'^V 




Silicon power rectifiers designed with multi-cell con- 
struction for extreme reliability and ruggedness. 
Standard polarity is cathode-to-water -cooled case, 
but reverse polarity devices are available designated 
by an ,r R ,T suffix, i. e. MR1295R 



CASE 105 



MAXIMUM RATINGS 



Rating 


Symbol 


MR 
1290 


MR 
1291 


MR 
1292 


MR 
1293 


MR 
1295 


MR 
1297 


MR 
1298 


MR 
1299 


Units 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


v RM(rep) 
v RM(wkg) 
V R 


50 


100 


150 


200 


300 


400 


500 


600 


Volts 


Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 
60 cycle peak) 


v RM(non-rep) 


100 


200 


250 


300 


400 


500 


600 


720 


Volts 


RMS Reverse Voltage 


v r 


35 


70 


105 


140 


210 


280 


350 


420 


Volts 


Continuous Average Rectified 
Forward Current 

(single phase, resistive load, 

60 cps, T c = 150°C) 




-» 1000 — 


Amperes 


Non-Repetitive Peak Surge Currents 
(suiperimposed on rated current at 
rated voltage, T c = 150°C) 


I FM(surge) 


-«s 18,000 (for 1/2 cycle) — 

**»-13,500 (for six consecutive 1/2 cycles)-^ 


Amperes 


Operating and Storage Temperature 


T J. T stg 


-65 to +190 


°c 


Thermal Resistance DC 

1 and a phase 
6 phase 


*JC 


0. 035 
0. 045 
0. 060 


°C/Watt 



Case Temperature Reference Point: Tq measured at center edge of the water cooled mounting bus* 



ELECTRICAL CHARACTERISTICS 



Characteristic and Conditions 


Symbol 


Maximum 
Limit 


Units 


Full Cycle Average Forward Voltage Drop 
(rated I Q and V r , single phase, 60 cps, T c = 150°C) 


V F(AV) 


0.4 


Volts 


Full Cycle Average Reverse Current 
(rated Iq and V r , single phase, 60 cps, Tq = 150°C) 


*R(AV) 


0.2 


Amperes 
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Silicon Rectifiers 



MR! 290 thru MR! 299 (Continued) 



MAXIMUM FORWARD CURRENT 

FORWARD VOLTAGE CHARACTERISTICS versus MAXIMUM CASE TEMPERATURE (100% DUTY) 




v r , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



12 4 6 8 10 20 40 60 80 100 

CYCLES AT 60 CYCLES PER SECOND 



TYPICAL COOLING RATES AT RATED LOAD CONDITIONS 



Inlet 
Water 
Temperature 

(°C) 


Minimum 

Water 

Flow 
Required 

(Gallons/Hour) 


Appro*. Water 
Temp. Rise 
at Specified 
Flew Rate 
(°C) 


15 


2 


10 


50 


5 


8 


75 


10 


5 



NOTE: Water flow rates may be decreased at lighter load 
demands provided maximum case temperatures are not ex- 
ceeded. In some applications where cooling systems are op- 
erated in series, it may be desirable to increase flow rates in 
order to minimize water temperature rises. 



MAXIMUM RMS DEMAND CURRENT versus PERCENT DUTY 




COOLING REQUIREMENTS 

Type of Cooling — Water 
Min Inlet Water Temp. — 0°C 
Max Inlet Water Temp. — 75 °C 



NOTE: 

Curves apply to normal rectifier 
service conditions with maintained 
Rectifier Case Temperature (Tc) equal 
to or less than the values specified. 

To determine the Maximum Average 
Current [If(av>] per rectifier, multiply 
the RMS Current [If] rating by the fac- 
tor given for the operating condition. 
© Ip(av) = .64It for Single Phase 
® Ip(av) = .57If for Three Phase and 

Six Phase with interphase 
© If(av) = .40If for Six Phase Star 
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Silicon Rectifiers 



MRl'337-lthru MR 1337-5 




lo = 1A 

V R - to 400 V 



CASE 52 



Fast recovery silicon rectifiers designed for high- 
frequency power supply, inverter, and converter appli- 
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to 
more than 300, 000 cps thus permitting the design of 
power supplies with smaller, lighter, and less expen- 
sive associated components. 



MAXIMUM RATINGS 



Rating 


Symbol 


MR 

1337-1 


MR 

1337-2 


MR 

1337-3 


MR 

1337-4 


MR 

1337-5 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


50 


100 


200 


300 


400 


Volts 


Non- Repetitive Peak Reverse Voltage 
(half -wave, single phase, 
60 cycle peak) 


^RM(non-rep) 


100 


200 


300 


400 


500 


Volts 


RMS Reverse Voltage 


V r 


35 


70 


140 


210 


280 


Volts 






All Types 




Average Rectified Forward Current 
(single-phase resistive load)T^=25°C 
Figure 2 Ta=75°C 




1.0 
0.75 


Amperes 


Non-Repetitive Peak Surge Current 
Figure 3 (superimposed on rated 
current at rated voltage, T A = 75 °C) 


^Mtsurge) 


30 


Amperes 


Peak Repetitive Forward Current 
(T A = 75°C) 


X FM(rep) 


4.0 


Amperes 


I 2 t Rating 

(non-repetitive, for t greater than 
1 msec and less than 8. 3 msec) 


I 2 t 


3.75 


a 2 
A, » sec 
(rms) 


Maximum Junction Operating 
Temperature Range 

Maximum Case Storage 
Temperature Range 


T J 

T 

stg 


-65 to +150 
-65 to +175 


°C 


Maximum Steady State DC 
Thermal Resistance 




100 


°C/Watt 



FIGURE 1 - TYPICAL FORWARD CHARACTERISTICS 

(FOR ALL TYPES) 



FIGURE 2— MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM AMBIENT TEMPERATURE 































































































































I i = 1M) u C / 


/ 7, = 2b°C 































































































































0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
Vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 




50 75 100 125 

T A , AMBIENT TEMPERATURE (°C) 
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■ Silicon Rectifiers • 



MR 1337-1 thru MR 1337-5 (continued) 
ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Max Limit 


Unit 


DC Forward Voltage Drop 
(Ip = 1. 0 Adc, = 25°C) 


v„ 

F 


l.i 


Vdc 


Full Cycle Average Forward Voltage Drop 
(I Q = 0.75 Amps and Rated V f , = 75° C, 

Half Wave Rectifier) 


V F(AV) 


0.55 


Volts 


Full Cycle Average Reverse Current 

(I Q = 0. 75 Amp and Rated V , = 75° C, 

single phase) 


*R(AV) 


0.75 


mA 


DC Reverse Current 
(Rated V R , = 25°C) 


hi 


0.25 


mA 


Maximum Reverse Recovery Time 
(Ip = 1 Amp min) 


t 

rr 


200 


nsec 


Maximum Overshoot Current 


I 

OS 


2.0 


Amps 



MAXIMUM ALLOWABLE NON-REPETITIVE SURGE CURRENT (SUPERIMPOSED ON RATED CONDITIONS, APPLIED AFTER SURGE, T A = 75°C) 





MOTOROLA FAST RECOVERY 
RECTIFIERS GREATLY 
INCREASE EFFICIENCY 




TYPICAL LOSES AT ^- 
HIGH FREQUENCY. WITH 
CONVENTIONAL RECTIFIERS 



TYPICAL RECOVERY PATTERN 























\ 














ZERO 


A 


k 








1 




"REFER EN 












1AMP 




20 
nsec 












T 



4 6 8 10 20 40 60 80100 

CYCLES AT 60 CYCLES PER SECOND 



RSURE 4 — tr TEST CSRCU IT 




A -TEKTRONIX 545A, K PLUG-IN 
PRE-AMP, P6000 PROBE OR EQ 

Ri - ADJUSTED FOR 1.4n BETWEEN 
POINT 2 OF RELAY AND RECTIFIER. 
INDUCTANCE ~ 38 A 

R 2 — TEN 1W, lOn, 1% CARBON COMP. 
IN PARALLEL 

T A = 25 ± l § ° c F0R RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

C, _J~ ° 1 Adc FROM CONSTANT VOLTAGE SUPPLY 
M RIPPLE = 3 mVrms MAX 
300 V Z^Vfcn MAX, DC to 2 kc 
6 O 
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Silicon Rectifiers 



mr2261 thru mr2265 

These press-fit silicon rectifiers, designed for all 
medium- current industrial and commercial applica- 
tions, feature rugged construction for operation under 
severe conditions. Millions are in use in automotive 
applications. Cathode to case polarity, but reverse 
polarity devices maybe obtained by adding an "R" suf- 
fix to the type number i. e. MR2262R. 



MAXIMUM RATINGS (Ja = 25°C unless otherwise noted) 



Rating 


Symbol 


MR 
2261 


MR 
2262 


MR 
2263 


MR 
2264 


MR 
2265 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


10 


20 


30 


40 


50 


Volts 


RMS Reverse Voltage 


V 

r 


7 


14 


21 


28 


35 


Volts 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T c = 100°C) 


l O 


25 


Amps 


Peak Repetitive Forward Current 
(T A = 75°C) 


*FM(rep) 


-+ 100 +- 


Amps 


Non- Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T c = 100° C) 


^FM(surge) 


-* 300 (for 1/2 cycle) 


Amps 


Operating and Storage 
Temperature Range 


T T , T . 
J stg 


■+ 65 to +175 *- 


°c 



THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case: 0 JC = 1.3°C/WMAX 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant and lead readily solderable. 
WEIGHT: 9 grams (approx. ) 

POLARITY: CATHODE TO CASE (reverse polarity units are available 
upon request and are designated by an "R" suffix i. e. MR2262R). 
MOUNTING POSITIONS: Any 

ELECTRICAL CHARACTERISTICS all types (Ta ' = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Max 
Limit 


Unit 


Full Cycle Average Forward Voltage Drop 
(I Q = 25 Amps and Rated V" r , 

T c = 100° C, Half Wave Rectifier) 


V F(AV) 


0.70 


Volts 


DC Forward Voltage Drop 
U F = 25 Adc, T A = 25° C) 


V F 


1.5 


Volts 


Full Cycle Average Reverse Current 
(I Q = 25 Amps and Rated V , 

T c = 100 °C, Half Wave Rectifier) 


X R(AV) 


10.0 


mA 


DC Reverse Current 
(Rated V R , T A = 25° C) 




1.0 


mA 
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lo = 25 A 
V R -to 50 V 




Silicon Rectifiers 



MR2261 thru MR2265 (continued) 

TYPICAL FORWARD CHARACTERISTICS (ALL TYPES) 



40 



35 



30 



25 



20 



10 



0 
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j 






-55° 
25°C 
150°C 


; 































































0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V F( FORWARD VOLTAGE DROP (VOLTS) 



MOUNTING INSTRUCTIONS 



MR2261 thru MR2265 rectifiers are designed for 
press-fitted mounting in a heat sink. Recommended proce- 
dures for this type of mounting are as follows : 

1. Drill a hole in the heat sink 0.499 ± .001 inch in 
diameter. 

2. Break the hole edge as shown to prevent shearing off 
the knurled edge of the rectifier when it is pressed 
into the hole. 

3. The depth of the break should be 0.010 inch maxi- 
mum to retain maximum heat sink surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 
These procedures will allow proper entry of the rectifier 

knurled surface, provide good rectifier-heat sink surface 
contact, and assure reliable rectifier operation. If the break 
is made too deep, thereby reducing contact area for heat 
transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by insert- 
ing the rectifier through an additional heat sink plate which 
is mounted in intimate contact with the upper side of the 
chassis. This provides additional contact area for the rec- 
tifier knurled edge, as well as additional heat sink capacity. 



Typical Thermal 
Resistance, Case 
to Sink, 6ci = 0.2*C/W 



— H K— .01 NOM 




►] |— 0.499 ± .001 DIA 

HEAT SINK MOUNTING 



INTIMATE 
CONTACT AREA 



/ ^ — rnMDi rrr , 



ADDITIONAL 
HEAT SINK PLATE 



COMPLETE 
KNURL CONTACT 



THIN-CHASSIS MOUNTING 
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Silicon Rectifiers 

M*2266 V R 7o800V 
MR2273 



CASE 59 




High- voltage, axial-lead, silicon rectifiers, designed 
for television "damper" diode service, feature sub- 
miniature packages, high current-handling capability, 
excellent reliability, and economy. Flame-proof sili- 
cone polymer case. 



MAXIMUM RATINGS 



Rating 


Symbol 


MR2273 


MR2266 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


200 


800 


Volts 


RMS Reverse Voltage (Sine wave operation) 


V 

r 


140 


560 


Volts 


Average Rectified Forward Current 

(single-phase, resistive (75° C Ambient) 
load, 60 cps) (100° C Ambient) 


'o 


1.0 
0.75 


1.0 
0.75 


Amps 


Peak Repetitive Forward Current 
(T A = 25° C) 


*FM(rep) 


10 


Amps 


Non- Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, T A = 25° C) 


I FM(surge) 


30 (for 1/2 cycle) 


Amps 


Operating and Storage Temperature Range 


T T , T . 


-65 to +175 


°c 



THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: 6 T * = 100° C/W MAX 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristics 


Symbol 


Value 


Unit 


Full-Cycle Average Forward Voltage Drop 
(Rated Current @ 25° C, sine wave operation) 


V F(AV) 


0.8 


Volts 


DC Forward Voltage Drop 
(1 Amp Continuous DC, 25° C) 


V F 


1.1 


Volts 


DC Reverse Current @ Rated V (25° C) 
r (100°C) 


*R 


0.01 
0.05 


mA 


Typical Forward Peak Voltage Overshoot 
(Figure 1, Figure 2) 


MR2266, I p = 2 A 


\ 


10 


Volts 


MR2273, I F = 5 A 




28 


Volts 
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■ Silicon Rectifiers • 



MR2266, MR2273 (continued) 

FIGURE 1 — FORWARD PEAK VOLTAGE OVERSHOOT TEST CIRCUIT 



HP-214A 
PULSE 
GENERATOR 
OR 

EQUIVALENT 




DIODE TEKTRONIX 
4 UNDER 541 SCOPE 
TEST 



1:1 
PULSE 
TRANSFORMER 



6 CURRENT SENSE 6 



TEST PROCEDURE: 

1. Adjust input pulse from generator to saturate MF812 tran- 
sistor 

2. Adjust battery voltage for the specified forward current 
after the voltage overshoot. 

If = 2 Amps, for MR2266 
If =5 Amps, for MR2273 

3. Read peak voltage overshoot across diode under test. (See 
Waveform Diagram). 




Silicon Rectifiers 



lo = 1 A 
V R = 300V 



Fast recovery silicon rectifier designed for video 
power supply applications. Typical recovery time of 
200 nsec extends practical frequency limit of current 
rectification to more than 150,000 cps. Cathode is 
connected to case. 



MAXIMUM RATINGS 



Rating 


Symbol 


Rating 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


300 


Volts 


Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, 
60 cycle peak) 


RM(non-rep) 


400 


Volts 


RMS Reverse Voltage (Sine wave operation) 


V 

r 


210 


Volts 


Average Rectified Forward Current (Sine wave operation) 
(single -phase resistive load) TV. = 25 °C 
T* = 75°C 


! o 


1.0 

0.75 


Amps 


Non-Repetitive Peak Surge Current 
(superimposed on rated 
current at rated voltage, T A = 75° C) 


^Mfeurge) 


30 

(for 1/2 cycle) 
@ 60 cps 


Amps 


Peak Repetitive Forward Current 
(T A = 75°C) 


*FM(rep) 


4.0 


Amps 


Junction Operating and Storage Temperature Range 


T J' T stg 


-65 to +150 


°C 



THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: B JA = 100 C/W MAX 
ELECTRICAL CHARACTERISTICS 



Characteristics 


Symbol 


Value 


Unit 


Maximum DC Forward Voltage Drop 
(I p = 1.0 Adc, T A = 25°C) 


V F 


l.i 


Vdc 


Maximum Full Cycle Average Forward Voltage Drop 
(I Q = 0. 75 Amps and Rated V r , T A = 75 °C, 

Half Wave Rectifier, 60 cps) 


V F(AV) 


0. 55 


Volts 


Maximum Full Cycle Average Reverse Current 
(I Q = 0. 75 Amp and Rated V r , T A = 75 °C, 

single phase, 60 cps) 


T R(AV) 


0.75 


mA 


Maximum DC Reverse Current 
(Rated V R , T A = 25° C) 


l R 


0.25 


mA 


Maximum Reverse Recovery Time 
(Ij^ = 50 mA) 

Test Circuit Figure 3 




200 


nsec 


Typical Rectification Efficiency 
Test Circuit Figure 6 


RE 


90 


% 
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MR 



2271 



CASE 52 



Silicon Rectifiers 



MR2271 (continued) 



FIGURE 1 
FORWARD CHARACTERISTICS 




0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

FIGURE 2 

MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM AMBIENT TEMPERATURE 



FIGURE 3 
RECOVERY TIME TEST CIRCUIT 



1 075 

3 0.50 
I 0.25 
0 











































1* 

(60cps) 

































3 jxsec — ■ 

+40V 
0- 



o 

TEKTRONIX 
535A 
OSCILLOSCOPE 



25 



50 75 100 

T A , AMBIENT TEMPERATURE (°C) 



125 



HEWLETT 
PACKARD 
PULSE 
GENERATOR 

214A 
(f = 15.75 kc) 



CURRENT 
PROBE 



$ 50S2 
> 4 WATTS 




FIGURE 4 

DIODE CURRENT WAVEFORM INCIRCUIT OF FIGURE 6 

0.3 
0.2 

I" 

1-0.1 
o 

0.2 
0.3 



FIGURE 5 
RECOVERY WAVEFORM IN CIRCUIT 




0.2 0.3 



0.4 0.5 0.6 
t, TIME (/xsec) 



0.8 0.9 1.0 



FIGURE 6 

LOW VOLTAGE HORIZONTAL DEFLECTION TEST CIRCUIT 

3A3 



INPUT FROM DRIVER 
HP-214A 2N2141 
PULSE 
GENERATOR 

©- 



HORIZONTAL OUTPUT 
MP1612B 




1 

.ftiiT 




5 lc DRIVER 
-15V 



IcOUT 



HOVw ij YOKE 



_ 10/if 
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Silicon Rectifiers 



MR 



2272 



lo=l A 
V R = 400V 



CASE 59 




Subminiature axial-lead silicon rectifier designed for 
video power-supply applications in low-voltage television 
receivers where video supply-voltage is obtained from 
horizontal deflection system. 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Rating 


Symbol 


Rating 


Unit 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


V RM(rep) 
V RM(wkg) 
V R 


400 


Volts 


RMS Reverse Voltage (Sine wave operation) 


V r 


280 


Volts 


Average Rectified Forward Current (Sine wave operation) 
(75°C Ambient) 
(100°C Ambient) 


k> 


1.0 
0.75 


Amps 


Peak Repetitive Forward Current 
(T A = 75°C) 


! FM(rep) 


10 


Amps 


Non- Repetitive Peak Surge Current 
(superimposed on rated current 
at rated voltage, = 75°C) 


X FM(surge) 


30 (for 1/2 cycle) 
@ 60 cps 


, Amps 


Juction Operating and Storage Temperature Range 


T J' T stg 


-65 to +175 


°C 



THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: 0 JA = 100°C/W MAX 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Value 


Unit 


Maximum Forward Voltage Drop 
(1 Amp Continuous DC, 25° C) 


V F 


l.i 


volts 


Maximum Full Cycle Average Forward Voltage Drop 
(I Q = 0. 75 Amps and Rated V" r , T A = 75°C, 

Half Wave Rectifier, 60 cps) 


V F(AV) 


0.5 


Volts 


Maximum Reverse Current @ Rated DC Voltage (25° C) 




0. 01 


mA 


Maximum Reverse Recovery Time 
(I RR = °' 5 

Test Circuit Figure 4 - Typical Waveform Figure 6 




1.5 


fisec 


Rectification Efficiency (Typical) 

Test Circuit Figure 7 - Typical Waveform Figure 5 


RE 


55 


% 
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Silicon Rectifiers 

MR2272 (continued) 



TYPICAL FORWARD CHARACTERISTICS TYPICAL REVER SE CHARACTERISTICS 




DIODE CURRENT WAVEFORM IN VIDEO SUPPLY OPERATION TYPICAL RECOVERY WAVEFORM IN CIRCUIT 




tTIME^sec) t,TIME(jtsec) 
LOW VOLTAGE HORIZONTAL DEFLECTION TEST CIRCUIT 




mr2273 

For Specifications. See MR2266 Data Sheet 
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Silicon Rectifiers 

ADDITIONS AND MODIFICATIONS 
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SILICON RECTIFIER 
ASSEMBLIES 



Devices included in this section : 



MOLDED BRIDGES 

MDA942 Series MDA962 Series MDA1 505 Series 

MDA952 Series MDA1491 Series MDA 1591 Series 



MINIATURE BRIDGE ASSEMBLIES 

MDA920 Series MDA940 Series MDA950 Series 

MDA930 Series 



HIGH-VOLTAGE MOLDED ASSEMBLIES 



1N1730 
1N1731 
1N1732 
1N1733 
1N1734 



1N2382 
1N2383 
1N2384 
1N2385 



MDA1330H 
MDA1331H 
MDA1332H 
MDA1333H 
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For case outline dimensions, see page 1-186. 
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SILICON RECTIFIER ASSEMBLIES 



Silicon rectifiers are available as individual cells with a wide variety of cur- 
rent and voltage ratings, as described in the rectifier section of this manual. 
In addition, these devices are available in standard and custom assemblies, 
which greatly increase the range of applications that can be satisfied with single - 
unit preassembled devices. 

Included in these standard assemblies are: 

Medium and low current rectifier bridge circuit configurations 




and 

Series -connected high -voltage rectifier assemblies. 



Custom assemblies, including both zener diode and rectifier assemblies, 
can be obtained inexpensively in quantity by specifying the type of devices 
needed (from a large selection of individual diodes and rectifiers) and the de- 
sired circuit configuration. 
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RECTIFIER BRIDGE ASSEMBLIES -QUICK SELECTION GUIDE 



1 AMP "j* 



CASE 108 



// 

II 



CASE 109 



SINGLE 
PHASE 
FULL WAVE 
BRIDGE 



5> 



MDA920-1 



MDA920A-1 



MDA920A-2 



1.5 AMP 



CASE 110 




CASE 111 



1> 



SINGLE PHASE 
FULL WAVE BRIDGE 



MDA942-1 



MDA942A-1 



1.5 AMP 



CASE 112 



SINGLE PHASE 
FULL WAVE BRIDGE 



MDA920-3 



MDA920A-3 



MDA942A-2 



MDA920-4 



MDA942-3 



MDA942A-3 



MDA1491-3 



.MDA920A-5 



MDA942-4 



MDA942A-4 



MDA1491-4 



MDAS20-6 



MDA942-5 



MDA1491-5 



MDA920-7 



MDA920A-7 



MDA942-6 



MDA942A-6 



MDA1491-6 



t Also available in voltage dou bler and center tap configurations from 25 
to 600 volts! 



4-4 



4 AMP 


6 AMP 


8 AMP 


10 AMP 


16 AMP 


CASE 112 


mm 

CASE 113 


CASE 115 


CASE 114 














'A, 


/V 








"Zv 




J 


J 


J 






SINGLE PHASE 
FULL WAVE BRIDGE 


SINGLE PHASE 
FULL WAVE BRIDGE 


THREE PHASE 
FULL WAVE BRIDGE 


SINGLE PHASE 
FULL WAVE BRIDGE 


SINGLE PHASE 
FULL WAVE BRIDGE 


MDA1591-1 


MDA952-1 


MDA1505-1 


MDA962-1 


MDA972-1 


MDA1591-2 


MDA952-2 


&1DA1505-2 


MDA962-2 


MDA972-2 


MDA1591-3 


MDA952-3 


MDA1505-3 


MDA962-3 


MDA972-3 


MDA1591-4 


MDA952-4 


MDA1505-4 


MDAS62-4 


MDA972-4 


MDA-1591-5 


MDA952-5 


MDA1505-5 


MDA962-5 


l^DA972-5 


MDA1591-6 


MDA952-6 


&JDA1505-6 
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Silicon Rectifier Assemblies 

HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 



IN 1730 thru INl 734 

in2382 thru in 238 5 



lo - to 0.2 A 
Vp-to 10,000 V 




Standard single -phase, half -wave, high -voltage 
silicon rectifier assemblies. 



MAXIMUM RATINGS (covering all devices in the table below) 



Max. DC Reverse Current 
©Rated Peak Reverse Voltage 25°C 

100 °C 


10pA 
100 ftA 


Max. Surge Current 
(8 ms) 


2. 5A 


Operating Temperature 


-55 °C to +150°C 



ELECTRICAL CHARACTERISTICS 



Rectifier 
Types 


V 

RM 
(rep) 


Avg. Rectified 

Fwd. 
Current - mA 


Max. RMS 
Input 

Voltage 


Max. DC 

Fwd. 
Voltage 
@ 100mA 

@ 25°C 


Case 
Dimensions 


Lead 
Dimensions 


@25°C 


@100°C 


L 


Dia. 


L 


Dia. 


1N1730 


1000 


200 


100 


700 


5 


. 5 


.375 


1.250 


.030 


1N1731 


1500 


200 


100 


1050 


5 


. 5 


.375 


1.250 


.030 


1N1732 


2000 


200 


100 


1400 


9 


1.0 


.375 


1.250 


.030 


1N1733 


3000 


150 


75 


2100 


12 


1.0 


.375 


1.250 


.030 


1N1734 


5000 


100 


50 


3500 


18 


1.0 


. 5 


1.250 


.030 


1N2382 


4000 


150 


75 


2800 


18 


1. 5 


. 5 


1.250 


.030 


1N2383 


6000 


100 


50 


4200 


27 


1. 5 


.5 


1.250 


.030 


1N2384 


8000 


70 


35 


5600 


27 


1. 5 


.5 


1.250 


.030 


1N2385 


10000 


70 


35 


7000 


39 


2.0 


. 5 


1. 250 


.030 



4-6 



Silicon Rectifier Assemblies 



MINIATURE DIODE ASSEMBLIES 



mda920 SERIES 
mda930 SERIES 
mda940 SERIES 
mda950 series 



CASE 109 





CASE 108 



Miniature Integral Diode Assemblies (MEDA ) are low-current rectifier circuit 
configurations designed with a high output -current/size ratio for applications 
where space is at a premium. MIDA packages are available with flat ribbon 
leads and with round leads. For round leads, add suffix "A" to type number. 
Example, MDA920A-L 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Maximum Forward Voltage Drop per Cell 
(Ip = 500 mA Continuous) 


V F 


1.2 


Vdc 


Maximum Reverse Current* (Figure 2) 

(V R = Rated V RM ) 25°C 
RM 100 o c 


V 


60 
600 


/lAdc 



*2 cells in parallel - MDA920 series 
1 celL- MDA930, MDA940, and MDA950 series 



MECHANICAL CHARACTERISTICS 



CASE: Transfer molded plastic encapsulation. 

FINISH: All external surfaces are corrosion-resistant, 
terminals are readily solderable. 

POLARITY: Embossed symbol on 4-lead devices. 

Terminal designation by color dots on 3-lead devices: 
AC input — yellow 
+DC output — red 
— DC output — white 

MOUNTING POSITION: Any. 

WEIGHT (approxj: 0.4 gram. 
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Silicon Rectifier Assemblies 

MINIATURE DIODE ASSEMBLIES (continued) 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 





SCHEMATIC 
DIAGRAM 


PEAK REVERSE 
VOLTAGE PER CELL 
(DC or RECURRENT) 

V«U 

Volts 


SINE WAVE 
RMS INPUT 
VOLTAGE 
(LINE to LINE) 

Vin 

Volts 


DC OUTPUT 
VOLTAGE 


DC OUTPUT 
CURRENT 
@ 75 *C AMBIENT 

lout 

Amps 


PEAK FULL WAVE 

ONE CYCLE 
SURGE CURRENT 


PEAK FULL WAVE 
REPETITIVE 


TYPE NO. 


Load 

Vo». 

Volts 


Load 
V.*, 
Volts 


NON-REPETITIVE 
(SINUSOIDAL 60cps) 

Amps 


FORWARD CURRENT 
(NONSINUSOIDAL 60 cps) 

lfM|r.p| 

Amps 


MDA920-1 




25 


18 


15 


25 








-2 






35 


30 


50 














70 












4 


A 


200 


140 


124 


200 








-5 
-6 




300 
400 


210 
280 


185 
250 


300 
400 








-7 




600 


420 


380 


600 








MDA930-1 




25 


9 




25 








" 2 




50 


18 




50 








-3 




100 


35 




100 








-4 


B 


200 


70 





200 


0.5 


32.0 


5.0 


-5 


300 


105 





300 








-6 




400 


140 





400 








-7 




600 


210 





600 








MDA940-1 




25 


9 


8 


13 












50 


18 


15 


25 








-3 




100 


35 












-4 


C 


200 


70 


62 


100 


1.0 


32.0 


5.0 


-5 




300 


105 


92 


150 








-6 




400 


140 


125 


200 








-7 




600 


210 


190 


300 








MDA950-1 




25 


9 


8 


13 








-2 




50 


18 


15 


25 








-3 




100 


35 


30 


50 








-4 


D 


200 


70 


62 


100 


1.0 


32.0 


5.0 


-5 
-6 




300 
400 


105 
140 


92 
125 


150 
200 








-7 




600 


210 


190 


300 










SINGLE PHASE CENTER TAP 
COMMON CATHODE 



YELLOW 
-H OAC 



SINGLE PHASE CENTER TAP 
COMMON ANODE 

-M- 



YELLOW 



YELLOW 
-H OAC 
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Silicon Rectifier Assemblies 

MINIATURE DIODE ASSEMBLIES (continued) 




FIGURE 3 — MAX ALLOWABLE SURGE CURRENT FIGURE 4 — MAX ALLOWABLE DC OUTPUT CURRENT 




NUMBER OF CYCLES AT 60 CPS T A , AMBIENT TEMPERATURE CO 
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• Silicon Rectifier Assemblies • 



MOLDED ASSEMBLY RECTIFIER BRIDGES 
Single-Phase Full-Wave Bridge 

MDA942 SERIES (1.5 AMPS DC) 
MDA952 SERIES (6.0 AMPS DC) 
MDA962 SERIES (10.0 AMPS DC) 
MDA972 SERIES (16.0 AMPS DC) 
MDA1491 SERIES (1.5 AMPS DC) 
MDA1591 SERIES (4.0 AMPS DC) 
Three-Phase Full-Wave Bridge 
MDA1505 SERIES (8.0 AMPS DC) 





MDA952 

CASE 113 



MDA962 

CASE 114 




M DA 1505 

CASE 115 



MDA942A 

CASE 111 

Molded assembly rectifier bridges are individual her- 
metically sealed rectifiers interconnected and encapsul- 
ated in molded assemblies for use as single-phase and 
three-phase full-wave bridge configurations, with output 
current from 1.5 to 16 amps, peak reverse voltage from 
50 to 600 volts. 

ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted) 




MDA1491 
MDA1591 



CASE 112 



Characteristic 


Symbol 


Rating 


Unit 


Maximum Forward Voltage Drop per Cell 


V F 




Vdc 


(I F = 0. 75 Adc) 


MDA942 series 




l.i 




(I F = 3.0 Adc) 


MDA952 series 




1.0 




(I F = 5.0 Adc) 


MDA962 series 




1.0 




(I F = 5.0 Adc) 


MDA972 series 




1.0 




(I F = 0. 75 Adc) 


MDA1491 series 




1.1 




(I F = 4.0 Adc) 


MDA1505 series 




1.0 




(I F = 2.0Adc) 


MDA1591 series 




1.0 




Maximum Reverse Current per Cell 






mAdc 


(V R = Rated V RM ) 


MDA942 series 




0.01 




MDA952 series 




1.0 






MDA962 series 




1.0 






MDA972 series 




1.0 






MDA1491 series 




0.01 






MDA1505 series 




1.0 






MDA1591 series 




1.0 
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Silicon Rectifier Assemblies 



RECTIFIER BRIDGES (continued) 



TYPICAL FORWARD CHARACTERISTICS 

PER CELL (MDA942 & MDA1491 SERIES) 




0.2 0.4 0.6 0.8 1.0 1.2 1.4 
V fl FORWARD VOLTAGE (VOLTS) 



TYPICAL FORWARD CHARACTERISTICS 

PER CELL (MDA952, MDA962, MDA972, MDA1505 & MDA1591 SERIES) 











































































'a= 1 


50°C 
















-50°C 
























































/ 













0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V F , FORWARD VOLTAGE (VOLTS) 



MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT 
AT RATED LOAD CONDITIONS 




2 4 6 8 10 

CYCLES AT 60 H, 



40 60 80 100 



MAXIMUM ALLOWABLE DC OUTPUT 

(RESISTIVE OR INDUCTIVE LOAD) 





55°C ' 




















ALL TYPES 





















































































































50 75 100 125 150 175 
T A , AMBIENT TEMPERATURE (°C) 



MECHANICAL CHARACTERISTICS 

CASE: Molded plastic encapsulation, hermetically 
sealed individual rectifier cells. 

FINISH: All external surfaces are corrosion- MOUNTING POSITION: Any 

resistant, terminals are WEIGHT: MDA942, MDA942A — 3.8 grams 

readily solderable. (approx.) MDA952 — 35 grams 

POLARITY: Terminal designation by color dots: MDA962. MDA1505 - 92 grams 

AC input - yellow MDA972 - 340 grams 

+ DC output — red MDA1491 — 33 grams 

— DC output — not marked MDA1591 — 39 grams 
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Silicon Rectifier Assemblies 



RECTIFIER BRIDGES (continued) 
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Silicon Rectifier Assemblies 



RECTIFIER BRIDGES (continued) 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 







SINE WAVE 


DC OUTPUT 


DC OUTPUT 


PEAK FULL WAVE 


PEAK FULL WAVE 




PEAK REVERSE 


RMS INPUT 


VOLTAGE 


CURRENT 


ONE CYCLE 


RECURRENT 




VOLTAGE PER CELL 


VOLTAGE 


Res. 


Cap. 


@ 55°C 


SURGE CURRENT 


FORWARD CURRENT 


TYPE NO. 


(DC or RECURRENT) 


(LINE to LINE) 


Load 


Load 


AMBIENT 


(60 Hi) 


(60 Hz ) 




Volts 


Volts 


Volts 


Volts 


Amps 


Amps 


Amps 


MDA942-1 


50 


35 


30 


50 


1. 50 


25 


6.0 


-2 


100 


70 


62 


100 


1. 50 


25 


6.0 


- 3 






124 


200 




25 


6 0 


-4 


300 


210 


185 


300 


1. 50 


25 


6.0 


-5 


400 


280 


250 


400 


1. 50 


25 


6.0 


-6 


600 


420 


380 


600 


1. 50 


25 


6.0 


MDA952-1 


50 


35 


30 


50 


6.00 


150 


35 


-2 


100 


70 


62 


100 


6.00 


150 


35 


_ 3 


200 


140 


124 


200 


6 00 


1 50 


35 


-4 


300 


210 


185 


300 


6^00 


150 


35 


-5 


400 


280 


250 


400 


6.00 


150 


35 


-6 


600 


420 


380 


600 


6.00 


150 


35 


MDA962-1 


50 


35 


30 


50 


10.0 


250 


60 


-2 


100 


70 


62 


100 


10.0 


250 


60 


-3 


200 


140 


124 


200 


10.0 


250 


60 


-4 


300 


210 


185 


300 


10.0 


250 


60 


-5 


400 


280 


250 


400 


10.0 


250 


60 


MDA972-1 


50 


35 


30 


50 


16.0 


250 


60 


-2 


100 


70 


62 


100 


16.0 


250 


60 


-3 


200 


140 


124 


200 


16.0 


250 


60 


-4 


300 


210 


185 


300 


16.0 


250 


60 


~ 5 


400 


280 


250 


400 


16.0 


250 


60 


MDA1491-1 


50 


35 


30 


50 


1. 50 


25 


6.0 


-2 


100 


70 


62 


100 


1. 50 


25 


6.0 


-3 


200 


140 


124 


200 


1. 50 


25 


6. 0 


-4 


300 


210 


185 


300 


1.50 


25 


6.0 


-5 


400 


280 


250 


400 


1. 50 


25 


6.0 


-6 


* 600 


420 


380 


600 


1. 50 


25 


6.0 


MDA1591 -1 


50 


35 


30 


50 


4.00 


100 


25 


-2 


100 


70 


62 


100 


4.00 


100 


25 


-3 


200 


140 


124 


200 


4.00 


100 


25 


-4 


300 


210 


185 


300 


4. 00 


100 


25 


-5 


400 


280 


250 


400 


4.00 


100 


25 


-6 


600 


420 


380 


600 


4. 00 


100 


25 


MDA1505 -1 


50 


35 


47 


50 


8.00 


200 


45 


-2 


100 


70 


95 


100 


8.00 


200 


45 


-3 


200 


140 


190 


200 


8.00 


200 


45 


-4 


300 


210 


285 


300 


8.00 


200 


45 


-5 


400 


280 


380 


400 


8.00 


200 


45 


-6 


600 


420 


570 


600 


8.00 


200 


45 



Maximum Operating and Storage Temperature: -65°C to +150°C (All Types) 
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■ Silicon Rectifier Assemblies 

HIGH VOLTAGE SILICON RECTIFIER MOLDED ASSEMBLIES 



mda!330H 
mda1331H 
mda1332H 
mda!333H 




Compensated series -connected rectifier cells for high -voltage single -phase, 
half -wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 



MAXIMUM RATINGS 



Rating 


Symbol 


MDA1330H 


M DAI 331 H 


MDA1332H 


MDA1333H 


Units 


Peak Repetitive Reverse Voltage (T) 
(Rated Current, Over Operating Temperature Range) 


V RM(rep) 


5,000 


10,000 


5,000 


10,000 


Volts 


RMS Reverse Voltage 
(Rated Current Over the Complete Operating 
Temperature Range) 


V 

r 


3, 500 


7, 000 


3, 500 


7, 000 


Volts 


DC Blocking Voltage (D 
(Over Operating Temperature Range) 


V 


3, 000 


6, 000 


3, 000 


6, 000 


Volts 


Average Half Wave Rectified Forward Current 
(Resistive Load, 180° Conduction Angle, 
60cps, Free Convection Cooling) -p _ 40° q 

T. = 100°C 
A 


'o 


1.0 
0.3 


1.0 
0.3 


2.5 
0.5 


2.5 
0.5 


Amps 


Peak 1 Cycle Surge Current 
(T. = 40 °C, Superimposed on Rated 
Current at Rated Voltage) 


I FM(surge) 


25 


25 


250 


250 


Amps 


Operating Frequency Range 


-< DC to 400 ► 


cps 


Operating and Storage Temperature Range 


-55 to +110 ► 


°C 



(D VRM(rep) ratings of 5,000 or 10,000 volts peakare both the maximum repetitive 
and non-repetitive ratings. 'Where voltage transient suppresion is employed, 
these assemblies can be reliably operated at the maximum ratings. 

(2) The DC Blocking Voltage rating (Vr), is established by the continuous power 
dissipation ratings of the shunting resistors and is not a function of the series 
rectifiers. 



ELECTRICAL CHARACTERISTICS 



Rating 


Symbol 


MDA1330H 


MDA1331H 


MDA1332H 


MDA1333H 


Units 


Maximum Full-Cycle Average Forward Voltage Drop 
(Half -Wave, Resistive Load, Rated Current and 
Voltage, T A =40°C) 


V F(AV) 


5.0 


10.0 


5.0 


10.0 


Volts 


Maximum Full-Cycle Average Reverse Current 
(Half -Wave, Resistive Load, Rated Current and 
Voltage, T A =40 U C) 


X R(AV) 


0.2 


0.2 


3.0 


3.0 


mA 



Note: Ambient temperatures are measured at the cold air source point i. e. imme- 
diately below the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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- — — Silicon Recfifier Assemblies 
HIGH VOLTAGE SILICON RECTIFIERS (continued) 



ELECTRICAL DESIGN NOTES 



1. For single-phase full-wave circuits using ,T Series 1300" stacks, multiply 
the current ratings given for the half -wave by two. 

2. For three-phase full-wave and half -wave circuits, multiply given current 
ratings for single -phase half -wave by two and one half. 

3. For capacitive loads, sufficient surge and capacitor inrush current pro- 
tection must be employed. Recurrent peak currents up to six times the single - 
phase average output current ratings can be safely sustained when the average 
value of these peaks are held at or below the rated average output. Non- 
repetitive peak currents must be held to the maximum surge ratings. 



TYPICAL FORWARD CHARACTERISTICS 

(Tj = 25°C) 




0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 

v F . INSTANTANEOUS FORWARD VOLTAGE (VOLTS) v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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Silicon Rectifier Assemblies 

HIGH VOLTAGE SILICON RECTIFIERS (continued) 



MAXIMUM SURGE CURRENT 
RATED CONDITIONS 



MDA1330H and MDA1331H MDA1332H and MDA1333H 




1 2 4 6 8 10 20 40 60 80 100 1 2 4 b 8 10 20 40 60 80100 

CYCLES AT 60 CPS CYCLES AT 60 CPS 

MAXIMUM AVERAGE HALF-WAVE RECTIFIED CURRENT 

(RESISTIVE OR INDUCTIVE LOAD, 180° CONDUCTION ANGLE, 60 CPS) 



MDA1330H and MDA1331H MDA1332H and MDA1333H 




20 40 60 80 100 120 0 20 40 60 80 100 120 

Ta, AMBIENT TEMPERATURE (°C) t a , AMBIENT TEMPERATURE (°C) 
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Silicon Rectifier Assemblies 



MECHANICAL DESIGN INFORMATION AND OUTLINE DI- 
MENSIONS FOR THE BASIC MDA1330H AND MDA1331H 
RECTIFIER LEGS. 



0.50 MAX „ 50NO „ 
_L_ 



I.266-* «•— \ 



+ 



MILLED TERMINAL SLOTS 
0.046 WIDE, 0.172 DEEP 



3JI 



R 

— © 

—4- 



XL 



MAX 

POLARITY DOTS: RED=+DC OUTPUT 



Device 


A Dim 


BDim 


CDim 


DDim 


MDA1330H 


4. 2 5 max 


3. 70±0. 05 


3. 2 5 max 


3. OOnom 


MDA1331H 


7. OO max 


6. 39±0. 05 


6. OOmax 


5. 25nom 



NOTES : These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDA1330H and MDA1331H are 
also available for use in lower voltage, Center tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA1330H and MDA1331H are designated by a 
different suffix letter as follows: instead of "H" specify 
"C" for common cathode, center tap 
"U" for common anode, center tap 
"D" for voltage doubler. 

H TOP VIEW 

-Ml^HOLES — »j |*-5/8N0M 



6-7/8 MAX 



T 

3N0M 



1-7/8 N0M 



w- 



w- 



2 NOM 



15] 1N0M 



-6- 1/2 ±1/16 
13 MAX — 



10 AND 30 SIDE VIEW 



T 



MECHANICAL DESIGN INFORMATION AND OUTLINE DI- 
MENSIONS FOR THE BASIC MDA1332H AND MDA1333H 
RECTIFIER LEGS. 




K-2N0M-H ^THREADED INSERTS 



± 



T 



1-3/4 N0M 
7/8 NOM ^ 



Device 


A Dim 


BDim 


CDim 


MDA1332H 


5-5/8 nom 


3-1/4 1/16 


1-1/8 nom 


MDA1333H 


11-1/4 nom 


6-l/2±l/16 


2-3/8 nom 



NOTE I. Insulated mounting bars are supplied 
with all Series 1300 stacks and the single unit bar is 
shown above. For multiple leg circuits, mounting bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition, the mounting arrangement used is also 
suitable for mounting legs top and bottom on the same bar 
with stand-offs employed for support of the assembly. 
NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & bottom or 
side by side mounting is employed, reverse polarity legs 
are often required in some circuits. Legs of reverse polarity 
to that shown above are designated by an "R" suffix, i.e. 
MDA1332HR. 



3«/> BR TOP VIEW 



6 

1/16 



3 NOM "J" 

3 ±1/16 



AC E 



+DC 
Pi 



r 



-3-4- 



3/4 NOM 4-1/2 MAX . 

TT 

-DC 



2-3/8 
±1/16 1 



-6-l/2±l/16- 
13 MAX 



pll 



w 



-6 l/2± 1/16- 
13 MAX 
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Silicon Rectifier Assemblies — 

ADDITIONS AND MODIFICATIONS 
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THYRISTORS 

Including 

SILICON CONTROLLED RECTIFIERS 
4-LAYER DIODES 

BILATERAL TRIGGER FOR THYRISTORS 



5-1 



I 
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THYRISTORS AND TRIGGERS 



Thyristors are defined as semiconductor devices with four or more alter- 
nately doped semiconductor layers. This category includes such classifications 
as SCRs, Four- Layer Diodes and other switchback devices used primarily for 
power control and trigger applications. 

Another device that falls into this applications category is the Three-Layer 
Trigger Diode. This device is included in this section for convenience, though 
not a Thyristor by definition. 



All devices characterized in this section are SCRs, with the following 
exceptions: 



FOUR-LAYER DIODES 



TYPE NO. 



PAGE NO. 



M4L2052 
M4L2053 
M4L2054 
M4L3052 
M4L3053 
M4L3054 



5-44 
5-44 
5-44 
5-46 
5-46 
5-46 



THREE -LAYER DIODE 



TYPE NO. 



PAGE NO. 



MT32 



5-49 
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THYRISTOR QUICK SELECTION 



BLOCKING 
VOLTAGE 
(DC OR 
PEAK) 
VOLTS 


FORWARD CURRENT RMS (AMPS) 


1.6 


2 


8 


16 


/ 

// 


J 


* /# i i f 




TO-5 
CASE 31A 


7/16" 
STUD 
CASE 63 


STEEL CAN AND VARIATIONS (SOLDER MOUNT, STUD MOUNT, 
AND LEAD MOUNT TYPES) 
CASE 85 CASE 85 L CASE 86 CASE 86L CASE 87L CASE 88L 


TO- 48 
CASE 64 


25 


MCR914-1 


MCR846-1 


2N4151 


2N4159 


2N4167 


2N4175 


2N4183 


2N4191 


2N1842 
2N1842A 


50 


2N1595 


MCR846-2 


2N4152 


2N4160 


2N4168 


2N4176 


2N4184 


2N4192 


2N1843 
2N1843A 


100 


2N1596 


MCR846-3 


2N4153 


2N4161 


2N4169 


2N4177 


2N4185 


2N4193 


2N1844 
2N1844A 


150 


















2N1845 
2N1845A 


200 


2N1597 


MCR846-4 


2N4154 


2N4162 


2N4170 


2N4178 


2N4186 


2N4194 


2N1846 
2N1846A 


250 


















2N1847 
2N1847A 


300 


2N1598 




2N4155 


2N4163 


2N4171 


2N4179 


2N4187 


2N4175 


2N1848 
2N1848A 


400 


2N1599 




2N4156 


2N4164 


2N4172 


2N4180 


2N4188 


2N4196 


2N1849 
2N1849A 


500 






2N4157 


2N4165 


2N4173 


2N4181 


2N4189 


2N4197 


2N1850 
2N1850A 


600 






2N4158 


2N4166 


2N4174 


2N4182 


2N4190 


2N4198 




700 




















800 





















5-4 



GUIDE (SCR TYPES) preferred types 



FORWARD CURRENT RMS (AMPS) 


AMPS PEAK 
PULSE MODULATORS 


BLOCKING 
VOLTAGE 
(DC OR 
PEAK) 
VOLTS 


18 


20 


25 


100 


1000 


i 4 






ir 




PRESS FIT 
PRESS FIT STUD 
CASE 62 CASE 68 


TO-41 
CASE 61 


TO-48 TO-41 
CASE 64 CASE 61 


7/16" 
STUD 
CASE 63 


TO-48 
CASE 64 


MCR808-1 


MCR1308-1 


MCR649-1 


2N681 

MCR1907-1* 


2N2573 






25 


MCR808-2 


MCR1308-2 


MCR649-2 


2N682 

MCR1907-2* 


2N2574 






50 


MCR808-3 


MCR1308-3 


MCR649-3 


2N683 

MCR1907-3* 


2N2575 






100 








2N684 








150 


MCR808-4 


MCR1308-4 


MCR649-4 


2N685 

MCR1907-4* 


2N2576 






200 








2N686 








250 


MCR808-5 


MCR1308-5 


MCR649-5 


2N687 

MCR1907-5* 


2N2577 


2N4199 
MCR729-5 


MCR1718-5 


300 


MCR808-6 


MCR1308-6 


MCR649-6 


2N688 

MCR1907-6* 


2N2578 


2N4200 
MCR729-6 


MCR1718-6 


400 






MCR649-7 


2N689 


2N2579 


2N4201 
MCR729-7 


MCR1718-7 


500 












2N4202 
MCR729-8 


MCR1718-8 


600 












2N4203 
MCR729-9 




700 












2N4204 
MCR729-10 




800 



Fast turnoff types, t . . % 12 /isec 
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— — Thyristors 
SCR SYMBOLS AND DEFINITIONS 




The following list represents the symbols and definitions of electrical characteristics and maximum 
ratings for Thyristors (SCRs). 

These symbols are listed in sequence as they appear in the Maximum Ratings tables: 



ROM(rep) 



ROM(non-rep) 



FM(pulse) 



di/dt 



FM(surge) 



F(AV) 



PEAK REVERSE BLOCKING VOLTAGE, GATE OPEN - The maximum allowable 
value of reverse voltage (repetitive or continuous dc) which can be applied between 
anode and cathode (anode negative) with the gate open for stated conditions. 

PEAK REVERSE BLOCKING VOLTAGE - Same as Vrqm except that the gate 
terminal is returned to the cathode through a stated impedance and/or bias volt- 
age. 

NON-REPETITIVE PEAK REVERSE BLOCKING VOLTAGE - The maximum value 
of reverse voltage which can be applied between anode and cathode (anode nega- 
tive) under transient conditions (5 ms or less) with the gate open. 

FORWARD CURRENT, RMS - The RMS value of forward anode current during the 
"on" state. RMS value is the same for all conduction angles. 

REPETITIVE PULSE CURRENT - Repetitive peak forward anode current after 
application of gate signal for specified pulse conditions. (Used primarily with 
pulse modulator type thyristors. ) 

CURRENT APPLICATION RATE - Rate of change with time of forward anode 
current during turn-on of device under stated conditions. 

CIRCUIT FUSING CONSIDERATIONS - A measure of the maximum non-recurrent 
RMS forward current capacity for pulse durations less than 8. 3 milliseconds. 
I is in RMS amperes, and t is pulse duration in seconds. The same conditions 
as listed for iFM(surge) apply. 

PEAK FORWARD SURGE CURRENT - The maximum forward current having a 
single forward cycle (8.3 milliseconds duration) in a 60 Hz single-phase resistive 
load system. The surge may be preceded and followed by maximum rated volt- 
age, current, and junction temperature conditions, and maximum allowable gate 
power may be concurrently dissipated. However, limitations on anode current 
during turn-on should not be exceeded. 

AVERAGE FORWARD POWER - Average (dc equivalent) value of power dissipa- 
tion between anode and cathode. (Used primarily with pulse modulator type 
thyristors. ) 

PEAK GATE POWER - The maximum instantaneous value of gate power dissipa- 
tion permitted. 
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■ Thyristors - 



SCR SYMBOLS AND DEFINITIONS (continued) 



GF(AV) 



AVERAGE FORWARD GATE POWER - The value of maximum allowable gate 
power dissipation averaged over a full cycle. 



GFM 
V GFM 



PEAK FORWARD GATE CURRENT - The maximum instantaneous value of current 
which may flow between gate and cathode. 

PEAK FORWARD GATE VOLTAGE - The maximum instantaneous voltage be- 
tween the gate terminal and the cathode terminal resulting from the flow of for- 
ward gate current. 

PEAK REVERSE GATE VOLTAGE - The maximum instantaneous voltage which 
may be applied between the gate terminal and the cathode terminal when the junc- 
tion between the gate region and the adjacent cathode region is reverse biased. 

CASE TEMPERATURE - Temperature of case measured at convenient refer- 
ence point on case near location of silicon die. Under operating conditions, T^ 
is lower than Tj. 

OPERATING JUNCTION TEMPERATURE RANGE - Allowable operating junction 
temperature range in which device may operate effectively. 



stg 



STORAGE TEMPERATURE RANGE - Allowable range of temperature in which 
devices may be "stored" (non-operating). 



These symbols are listed in sequence as they appear in the Electrical Characteristics tables: 

V FQM PEAK FORWARD BLOCKING VOLTAGE, GATE OPEN - The peak repetitive 

forward voltage which maybe applied to the thyristor between anode and cathode 
(anode positive) with the gate open at stated conditions. 

V pxM PEAK FORWARD BLOCKING VOLTAGE - Same as VppM except that the gate 

terminal is returned to the cathode through a stated impedance and /or bias 
voltage. 

I FQM PEAK FORWARD BLOCKING CURRENT, GATE OPEN - The maximum current 

through the thyristor when the device is in the "off" state for a stated anode-to- 
cathode voltage (anode positive) and junction temperature with the gate open. 

I FXM PEAK FORWARD BLOCKING CURRENT - Same as I FOM except that the gate 

terminal is returned to the cathode through a stated impedance and/or bias volt- 
age. 

I RQM PEAK REVERSE BLOCKING CURRENT - The maximum current through the 

thyristor when the device is in the reverse blocking state (anode negative) for a 
stated anode-to-cathode voltage and junction temperature with the gate open. 

I RXM PEAK REVERSE BLOCKING CURRENT - Same as I RO M except that the gate 

terminal is returned to the cathode through a stated impedance and/or bias volt- 
age. 

I GT GATE TRIGGER CURRENT (Continuous dc) - The minimum dc gate current re- 

quired to cause switching from the "off" state to the "on" state at a stated con- 
dition. 

V GT GATE TRIGGER VOLTAGE (Continuous dc) - The dc voltage between the gate and 

the cathode required to produce the dc gate trigger current. 

I HQ HOLDING CURRENT - That value of forward anode current below which the con- 

trolled rectifier switches from the conducting state to the forward blocking condi- 
tion with the gate open, at stated conditions. 

I HX HOLDING CURRENT (Gate connected) - That value of forward anode current below 

which the controlled rectifier switches from the conducting state to the forward 
blocking condition with the gate terminal returned to the cathode terminal thru 
specified impedance and/or bias voltage. 

V F FORWARD "ON" VOLTAGE - The voltage measured between anode and cathode 

during the "on" condition for specified conditions of anode current and tempera- 
ture. 



" F(on) 



DYNAMIC FORWARD "ON" VOLTAGE - The voltage measured between anode 
and cathode at a specified time after turn-on function has been initiated at stated 
conditions. 



5-7 



Thyrisfors 



SCR SYMBOLS AND DEFINITIONS (continued) 

TURN- ON TIME - The time interval between initiation of gate signal and 90% 
point of leading edge of forward anode current waveform. 

TURN-ON TIME VARIATION - Variation of turn-on time over stated temperature 
range or ranges. 

RISE TIME - Time interval required for the leading edge of the forward anode 
current waveform to rise from 10% to 90% of its maximum value during device 
turn-on. 

TURN-OFF TIME - The time interval required for the gate to regain control of 
forward blocking characteristics after interruption of forward anode current. 

DELAY TIME - Time interval during turn-on between initiation of gate pulse 
and a rise of the leading edge of the forward-current waveform to 10% of its 
maximum value. 

FORWARD VOLTAGE APPLICATION RATE (V/jus) - A rate of applied forward 
voltage in excess of this value may cause premature, nondestructive turn-on of 
the Thyristor„ 

THERMAL RESISTANCE (Junction to case) - The temperature rise per unit of 
power dissipation of a junction above the temperature of the case under conditions 
of thermal equilibrium. 

THERMAL RESISTANCE (Case to ambient) - The temperature rise per unit of 
power dissipation of the device case above the ambient temperature at stated 
conditions. 



SIMPLIFIED SCR QUICK SELECTION GUIDE 



AVERAGE FORWARD CURRENT vs. CASE TEMPERATURE 

130 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 — 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

! F(AV) AVERA GE FORWARD CURRENT (AMPS) 
(180° CONDUCTION ANGLE, 60 Hz, HALF SINE WAVE) 



At 

on 

t 

r 

'off 

'd 

dv/dt 
"JC 



5-8 



Thyrisiors 



2N681thru2N689 If = 25 A RMS 

V R0 M(repJ = 25-500 V 

Industrial -type, silicon controlled rectifiers in a stud 
package with current handling capability to 25 amperes 
at junction temperatures up to 125° C. 



CASE 64 

(TO-48) 




MAXIMUM RATINGS (T, = 125°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* t 

2N681 
2N682 
2N683 
2N684 
2N685 
2N686 
2N687 
2N688 
2N689 


V ROM(rep)*t 


25 
50 
100 
150 
200 
250 
300 
400 
500 


Volts 


Peak Reverse Blocking Voltage* 
(Transient) 2N681 
(non-recurrent t = 5 ms max.) 2N682 

2N683 
2N684 
2N685 
2N686 
2N687 
2N688 
2N689 


v ROM(non-rep)* 


35 
75 
150 
225 
300 
350 
400 
500 
600 


Volts 


Forward Current RMS (all conduction angles) 


I* 


25 




Peak Forward Surge Current 
(One cycle, 60 Hz, Tj = -65 to +125°C) 


I FM(surge) 


200 


Amps 


Circuit Fusing Considerations 
(Tj = -65 to +125°C, t ^ 8.3 ms) 


l2 t 


165 


A 2 s 


Peak Gate Power- Forward 


P GFM 


5.0 


Watts 


Average Gate Power- Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current- Forward 


*GFM 


2.0 


Amps 


Peak Gate Voltage- Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


5.0 




Operating Junction Temperature Range 


T J 


-65 to + 125 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Stud Torque 




30 


in.-lb. 



tV R Q M for all types can be applied on a continuous dc basis without incurring change. 



* v ROM(rep) ratings apply for zero or negative gate voltage. 
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Jhyristors 



2N681 thru 2N689 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage 
(Tj = 125°C) 2N681 

2N682 
2N683 
2N684 
2N685 
2N686 
2N687 
2N688 
2N689 


v FOM 


25 
50 
100 
150 
200 
250 
300 
400 
500 


1 1 II 1 1 1 1 1 


i i i i i i i i i 


Volts 


Peak Forward or Reverse Blocking Current 
(Tj = 125°C) 2N681 - 2N684 

2N685 
2N686 
2N687 
2N688 
2N689 


J FOM 
*ROM 


1 1 1 1 1 1 


1 1 1 1 1 1 


10.0 
10.0 
10.0 
10.0 
8.0 
6.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50 ft) 


*GT 




10 


25 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, = 50 ft) 


v GT 


0.25 




3.0 


Volts 


Holding Current 

(Anode Voltage = 7 Vdc, Gate Open) 


^O 




20 




mA 


Forward On Voltage 
(I F = 20 Adc) 


v F 




1.1 


1.5 


Volts 


Turn-On Time 
(Ip = 10A, Iq = 200 mA) 






1.0 




/iS 


Turn-Off Time 
(I F = 10 A; I R = 10 A, dv/dt = 30 V/fls min, 
Tj = 125°C) 

(V FXM = rated voltage) 

( V RXM = rated voltage) 


*off 




30 




VS 


Forward Voltage Application Rate 
(Gate open, Tj = 125°C) 


dv/dt 




30 




V//iS 


Thermal Resistance (Junction to Case) 


e JC 




1.0 


2.0 


°C/W 
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Thyristors 

2N681 thru 2N689 (continued) 




CURRENT DERATING 



SUGGESTED FIN SIZES 



I I I 

DC, 10, 30, 60, CIRCUIT-RESISTIVEJ)R 
INDUCTIVE LOAD, 50 TO 400 Hz 




10 12 14 16 18 20 22 24 
l F|AV) , AVERAGE FORWARD CURRENT (AMPS) 



1 1 1 1 1 1 1 

RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
FREE CONVECTION COOLING 
" CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE ' 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS: 




FINS1/16" THICK COPPER 
WITH EMISSIVITY=90% 
STUD MOUNTED DIRECTLY 
TO COPPER FIN 
MINIMUM SPACING = 3/4' 



20 



40 



60 80 100 120 140 160 
T A , AMBIENT TEMPERATURE (°C) 
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Thyristors 



2Nl595thru2Nl599 l»=1.6ARMS 

V R 0M[rep) = 50-400 V 

Industrial-type , low-current silicon controlled recti- 
fiers in a three-lead package ideal for printed- circuit 
applications. Current handling capability of 1. 6 am- 
peres at junction temperatures to 125°C. 

CASE 3IA " % 

(TO-5) 

MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 




Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

2N1595 
2N1596 
2N1597 
2N1598 
2N1599 




50 
100 
200 
300 
400 


Volts 


Forward Current RMS 
(All Conduction Angles) 


If 


1.6 


Amps 


Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -65 to + 125°C) 


I FM(surge) 


15 


Amps 


Peak Gate Power - Forward 


P GFM 


0.1 


Watt 


Average Gate Power - Forward 


P GF(AV) 


0.01 


Watt 


Peak Gate Current - Forward 


! GFM 


0.1 


Amp 


Peak Gate Voltage - Forward 
Reverse 


V GFM 
V GRM 


10 
10 


Volts 


Operating Junction Temperature Range 


T J 


-65 to +125 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 



* v ROM for a ^ types can be applied on a continuous dc basis without incurring damage. 
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Thyristors 

2N1595 thru 2N1599 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


lYiin 


Typ 


Max 


Unite 
U II IIS 


Peak Forward Blocking Voltage* 
(Tj = 125°C) 2N1595 

2N1596 
2N1597 
2N1598 
2N1599 


v FOM 


50 
100 
200 
300 
400 


1 1 1 1 1 


1 1 1 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V F qm wit h gate open, Tj = 125°C) 


*FOM 






1.0 


mA 


Peak Reverse Blocking Current 
(Rated V RnM , T T = 125°C) 


! ROM 




— 


1.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 12 Q) 


*GT 




2.0 


10.0 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R^ = 12 f2) 
(Anode Voltage = Rated V F0M , R L = 12fl, Tj = 125°C) 


V GT 

v 

GNT 


0.2 


0.7 


3.0 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open) 


^O 




5.0 




mA 


Forward On Voltage 
(I F = 1 Adc) 


V F 




1.1 


2.0 


Volts 


Turn- On Time (t d + t r ) 
(I G = 10 mA, I F = 1A) 


ton 




0.8 




MS 


Turn- Off Time 
(I F = 1 A, I R = 1 A, dv/dt = 20 V/ /is, Tj = 125°C) 

(V FXM = rated voltage) 
( V RXM = rated voltage) 


^ff 




10 




MS 



*"V"fOM for all types can be applied on a continuous dc basis without incurring damage. 



CURRENT DERATING 

CASE TEMPERATURE AMBIENT TEMPERATURE 




l F(AV ,, AVERAGE FORWARD CURRENT (AMPS) If ( av„ AVERAGE FORWARD CURRENT (AMPS) 
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Thyrisfors 



2n1842 thru 2N1850 



CASE 64 

(TO-48) 




! f = 16 A RMS 
V RO M(repJ = 25-500 V 

Industrial-type , silicon controlled rectifiers in a stud 
package with current handling capability to 16 amperes 
at junction temperatures to 100°C. 



MAXIMUM RATINGS (T.i = 100°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

9N1 ft49 

2N1843 
2N1844 
2N1845 
2N1846 
2N1847 

9NM ftdft 

2N1849 
2N1850 


V ROM(rep)* 


25 
50 
100 
150 
200 
250 
300 
400 
500 


Volts 


Peak Reverse Blocking Voltage 
(Non-Recurrent 5 ms max.) 2N1843 

9M1 RAA. 

2N1845 

61\ JLO*xO 

2N1847 
2N1848 
2N1849 
2N1850 


v ROM(non-rep) 


35 
75 
150 
225 
300 
350 
400 
500 
600 


Volts 


Forward Current RMS 
(All Conduction Angles) 


If 


16 


Amps 


Circuit Fusing Considerations 
(Tj = -40 to +100°C, t £ 8.3 ms) 


l2t 


60 


A 2 s 


Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj -40 to +100°C) 


I FM(surge) 


125 


Amps 


Peak Gate Power - Forward 


P GFM 


5.0 


Watts 


Average Gate Power Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


I FGM 


2.0 


Amps 


Peak Gate Voltage - Forward 
Reverse 


V GFM 
V GRM 


10 
5.0 


Volts 


Operating Junction Temperature Range 


T J 


-40 to +100 


°C 


Storage Temperature Range 


T stg 


-40 to +125 


°C 


Stud Torque 




30 


in.-lb. 



* v ROM(rep) for a11 types can be applied on a continuous dc basis without incurring damage. 



Ratings apply for zero or negative gate voltage. 
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Thyristors 

2N1842 thru 2N1850 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 100°C) 2N1842 

2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 

2N1850 


^FOM* 


25 
50 
100 
150 
200 
250 
300 
400 
500 


1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 


Volts 


Peak Forward or Reverse Blocking Current 
(Rated V F0 M or V RQM gate open, Tj = 100°C) 


I FOM» 
*ROM 


— 




6.0 




Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50 J2) 


•^GT 


— 


15 


80 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50 -S2) 
(Anode Voltage = Rated V F0M , R L = 50tt, Tj = 100°C) 


v 

GT 

V GNT 


0.3 


0.8 


2.0 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open) 


l EO 




20 




mA 


Forward On Voltage 
(I F =16 Adc) 






1.1 


1.8 


Volts 


Turn-On Time (t d + t r ) 
(Iq = 50 mA, Ip = 10 A) 


ton 




1.0 




US 


Turn-Off Time 
(I F = 10 A, I R = 10 A; dv/dt = 20 V/fia, Tj = 100°C) 

(V FXM = rated voltage) 

( y RXM = rated voltage) 


^ff 




25 




MS 


Forward Voltage Application Rate 
(Gate open, Tj = 100°C) 


dv/dt 




30 




. V/jus 


Thermal Resistance (Junction to Case) 


e JC 




1.0 


2.0 


°C/W 



*^FOM ^ 0r a ^ tyP es can be applied on a continuous dc basis without incurring damage. 



Ratings apply for zero or negative voltage. 
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- Thyrisfors - 



2N1842 thru 2N1850 (continued) 



MAXIMUM ALLOWABLE 
FORWARD GATE CURRENT 
Igfm - 2 AMPS~^_ 



GATE TRIGGER CHARACTERISTICS 



1.0 = 
0.5 : 

0.2 
0.1 

.05 ; 



2.0 VOLTS 
GATE VOLTAGE 
REQUIRED TO 
TRIGGER ALL UNITS 



AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 



£^ I _ 80 mA GATE CURRENT REQUIRED 
| £_ TO TRIGGER ALL UNITS 

<! (100'C — 50 mA) 

S (_40°C — 150 mA) 

(Tj - -40 TO +100*0 V s = 3.5 VOLTS 




1 1 1 1 1 

3 4 5 6 7 
V G , GATE VOLTAGE (VOLTS) 
(Tj = 25°C — ANODE @ 7 VOLTS) 



FORWARD CONDUCTING CHARACTERISTICS 



TYPICAL 


-~ 
















^ 


^ 




MAXIMUM — 


























i 






-Tj = 100°C - 
-Tj = 25°C 


—ff- 


1 






1 I 


11 


' NOTE: V 

i INCH F 


DLTAGE DROP MEASURED 

ROM BOTTOM OF CASE 


~H — 










i i 


It 









1.0 1.5 2.0 2.5 

v F , INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 



CURRENT DERATING 



SUGGESTED HEAT SINK SIZES 















)UCTION ANGLE 












C 

*CON 




♦3 


*60 


















*90° 


120° 


180° 






DC, 1 
1 


0, 30, 6<* 
NDUCTIVE 


, CIRCUI 
LOAD, 5 


T-RESISTIVE OR 
D TO 400 Hz 

1 









\ 6 8 10 12 
i, AVERAGE FORWARD CURRENT (AMPS) 



6" x 6" 
I 

- 5"x 5"- 
4"» 



FINS 1/16" THICK COPPER 
"WITH EMISSIVITY = 90% 

STUD MOUNTED DIRECTLY 

TO COPPER FIN 

MINIMUM SPACING = 3/4" 
L 



RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
FREE CONVECTION COOLING | 
CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE 
_FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS: 
120° —0.91 
90° — 0.82 
-0.72 

- 0.58 




20 



-1.4 

USE CURVES FOR DC, 10, 30, 60 
CIRCUITS BY CHOOSING PROPER 
CONDUCTION ANGLE FACTOR 



T A , AMBIENT TEMPERATURE (°C) 
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-Thyrisic 



2N1842A thru 2N 1850 A 



CASE 64 

(TO-48) 




If = 16 A RMS 

V RO M[repJ = 25-500 V 
Industrial-type , silicon controlled rectifiers in a stud 
package with current handling capability to 16 amperes 
at junction temperatures to 125 °C. 



MAXIMUM RATINGS (Tj z= 125°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

2N1842A 
2N1843A 
2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 
2N1850A 


v ROM(rep)* 


25 
50 
100 
150 
200 
250 
300 
400 
500 


Volts 


Peak Reverse Blocking Voltage 
(Transient) 2N1842A 
(Non-Recurrent 5 ms max.) 2N1843A 

2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 
2N1850A 


V ROM(non-rep) 


35 
75 
150 
225 
300 
350 
400 
500 
600 


Volts 


Forward Current RMS 


\ 


16 


Amps 


Peak Forward Surge Current 
tone Cvrle 60 H> Tt = -fi*) tn + 1?S°fM 


I FM(surge) 


125 


Amps 


Circuit Fusing Considerations 
(Tj = -65 to +125°C, t ^ 8.3 ms) 


I 2 t 


60 


A 2 s 


Peak Gate Power - Forward 


P GFM 


5.0 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


*GFM 


2.0 


Amps 


Peak Gate Voltage - Forward 
Reverse 


V GFM 
V GRM 


10 
5.0 


Volts 


Operating Junction Temperature Range 


T J 


-65 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Stud Torque 




30 


in.-lb. 



* v ROM(rep) * or al * types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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Thyrisiors 

2N1842 A thru 2N1850A (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 125°C) 2N1842A 

2N1843A 
2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 


V FOM* 


25 
50 
100 
150 
200 
250 
300 
400 
500 


1 I I II 1 1 1 1 


1 1 1 1 1 1 1 1 I 


Volts 


Peak Forward or Reverse Blocking Current 
fV-^^s, , OR Voniu sate onen Tt = 125°C) 


^OM' 
^OM 




— 


6.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50 ft) 


X GT 




15 


80 


mA 


Gate Trigger Voltage 
(Anode Voltage = 7 Vdc, R T = 50 ft) 


V GT 




0.8 


2.0 


Volts 


(Anode Voltage = Rated V FQM , R L = 50ft, Tj = 125°C) 


V GNT 


0.25 








Holding Current 

(Anode Voltage = 7 Vdc, Gate Open) 


X HO 


— 


20 




mA 


Forward On Voltage 
(I F = 16 Adc) 




— 


1.1 


1.6 


Volts 


Turn-On Time (t d + t r ) 
(I Q = 50 mA, I F = 10 A) 


ton 




1.0 




lis 


Turn-Off Time 
(I F = 10 A, I R = 10 A, dv/dt = 20 V/fAs, Tj = 125°C) 


'off 




30 




fis 


Forward Voltage Application Rate 
(Gate Open, Tj = 125°C) 


dv/dt 




30 




V/ [AS 


Thermal Resistance (Junction to Case) 


°JC 




1.0 


2.0 


°c/w 



* V FOM for a ^ tv P es can ^ e a PPl ied on a continuous dc basis without incurring damage. 



Ratings apply for zero or negative gate voltage. 
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Thyrisfors 

2N1842A thru 2N1850A (continued) 





5-19 



2n2573 thru 2n2579 



Thyristors 



l f = 25 A RMS 

V R0 M(rep] = 25-500 V 



Industrial - type , silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 



CASE 61 CASE 54 

(TO-41) (TO-3) 



For units with pins (TO-3) specify devices MCR649AP-1(2N2573) thru MCR649AP-7(2N2579). 



MAXIMUM RATINGS (T, = 125°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 


V ROM(rep)* 


25 
50 
100 
200 
300 
400 
500 


Volts 


Forward Current RMS (all conduction angles) 


h 


25 


Amps 


Circuit Fusing Considerations 
(Tj = -65° to +125°C, t ^ 8.3 ms) 


i 2 t 


275 


A 2 s 


Peak Surge Current 
(One Cycle, 60 Hz, Tj = -65 to +125°C) 


I FM(surge) 


260 


Amps 


Peak Gate Power - Forward 


P GFM 


5 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


X GFM 


2 


Amps 


Peak Gate Voltage - Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


5 




Operating Junction Temperature Range 


T J 


-65 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150^ 


°C 



* v ROM for all types can be applied on a continuous dc basis without incurring damage. 



VROM ratings apply for zero or negative gate voltage. 
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Thyrisfors 

2N2573 thru 2N2579 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 125°C) 2N2573 

2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 


V FOM* 


25 
50 
100 
200 
300 
400 
500 


1 I 1 1 1 1 1 


1 1 1 1 1 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V FnM with gate open, T T = 125°C) 


! FOM 




0.6 


5.0 


mA 


Peak Reverse Blocking Current 
(Rated Vrom, T T = 125°C) 


J ROM 




0.6 


5.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 100 J2) 


J GT 


— 


20 


40 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 100 fi) 

(Anode Voltage = Rated V p0M , R L = 100J2, Tj = 125°C) 


V GT 
V GNT 


0.3 


1.0 


3.5 
3.5 


Volts 


Forward On Voltage 
(I F = 20 Adc) 


V F 




1.1 


1.4 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open) 


I HO 




20 




mA 


Turn-On Time (t d + t r ) 
(I G = 50 mA, I F = 10A) 


on 




1.0 




/iS 


Turn-Off Time 
(I F = 10 A, I R = 10 A, dv/dt = 20 V//js, Tj = 125°C) 

(VpxM = rated voltage) 

(Vrxm = rated voltage) 






30 




lis 


Forward Voltage Application Rate 
(Gate Open, Tj = 125°C) 


dv/dt 




30 




V/jus 


Thermal Resistance (Junction to Case) 


d JC 




1.0 


1.5 


°C/W 



*VpQM for al * types can be applied on a continuous dc basis without incurring damage. 



v FOM ratings apply for zero or negative gate voltage. 
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Thyristors 



2N2573 thru 2N2579 (continued) 



MAXIMUM ALLOWABLE NON-RECURRENT 
SURGE CURRENT 




4 10 20 40 60 

CYCLES AT 60 Hz 



MAXIMUM ALLOWABLE CASE TEMPERATURE 



MAXIMUM ALLOWABLE 
FORWARD GATE 

current GATE TRIGGER CHARACTERISTICS 

l SFM = 2 AMPS v 



3.5 VOLTS -^s. 
MINIMUM VS 
GATE VOLTAGE \| 
REQUIRED TO TRIGGER 
■ALL UNITS I 



— V b 

PS\ 



- MAXIMUM ALLOWABLE 
GATE POWER 
P GFM = 5 WATTS 



TYPICAL 
TRIGGER 
POINT 



AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 

i- 40 mA MINIMUM 
/ GATE CURRENT REQUIRED 
/ TO TRIGGER ALL UNITS 
/ (125°C— 25 mA) 
/ (-65°C — 80 mA) 



MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE 10 VOLTS 



1 1 1 1 r 

3 4 5 6 7 
V C ,GATE VOLTAGE (VOLTS) 
(Tj = 25°C — ANODE @ 6 VOLTS) 

LOW CURRENT LEVEL 









O 1 














H! 


0° 








'CONDUCTIO 
ANGLE 






30° VVsS 










*60° 












90° \\ 










*120° 










*1 


80° 






















DC N 





















































TYP 


CAL "^==1 




MAXI 


AUM 
























tf- 












tl 








1 / 






125°C 

25°C 




'/ ' 

-fj-h 






























-4- 










1 












/ 












1 
1 


/ 
/ 









5 10 15 20 

I f ,av), AVERAGE FORWARD CURRENT (AMPS) 



:, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 



MAXIMUM TRANSIENT THERMAL RESISTANCE 
JUNCTION TO CASE 



POWER DERATING CURVE 














1 1 1 1 


_L 














MAXIMUM POWER DIS 

WITU UNIT MDIIN 


>IPATION 
Ten 
















ON THE MS-10 HEAT SIN 
USING DC4* AND FREE 
CONVECTION COOLING 


< 






























A 


SSUMING MAXIMUM FORWARD 
DROP AND 0jc= 1.5'C/W, 
= 0.2 o C/W AND 0 SA = 3.O°C/W 












































































































































































*DC 


4 IS 
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)0W( 
ONE 


,ORN 
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NGN 
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Thyristors 



2N4151 thru 2N4198 
(MCR2304, 2305, 2604, 2605) 




CASE 85 

2N4151-58 
(MCR2304 series) 




CASE 87 

(MCR2604 series) 




CASE 85L 

2N41 59-66 
(MCR2304L series) 




CASE 87L 

2N41 83-90 
(MCR2604L series) 




CASE 86 

2N41 67-74 
(MCR2305 series) 




l f = 8 A RMS 



if 

^ROM(rep) 



= 25-600 V 



CASE 88 

(MCR2605 series) 




CASE 86L 

2N4175-82 
(MCR2305L series) 




CASE 88L 

2N4191-98 
(MCR2605L series) 



Silicon controlled rectifiers for applications requiring current up to 8 am- 
peres with blocking voltages up to 400 volts. Available in a variety of econ- 
omical packages for mounting versatility. Other types available upon special 
request. 



MAXIMUM RATINGS (T.i = 100°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

MCR2304 
MCR2305 , 
MCR2604 
MCR2605 


f _1 
-2 

-3 

-4 

-5 

-6 

-7 

_ -8 


v ROM(rep) 


20 
50 
100 
200 
300 
400 
500 
600 


Volts 


Forward Current RMS 
(All Conduction Angles) 


l f 


8 


Amps 


Circuit Fusing Considerations 
(Tj = -40 +100°C;t ^ 8.3 ms) 

Forward Polarity 




40 


A 2 s 


Reverse Polarity 




25 




Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -40 to +100°C) 

Forward Polarity 


X FM(surge) 


100 


Amps 


Reverse 


Polarity 




80 




Peak Gate Power - Forward 


P GFM 


5 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


! GFM 


2 


Amps 


Peak Gate Voltage - Forward 




V GFM 


10 


Volts 


Reverse 




V GRM 


10 




Operating Junction Temperature Range 


T J 


-40 to +100 


°c 


Storage Temperature Range 


T stg 


-40 to +150 


°c 


Stud Torque (MCR2305 Types) 




15 


in.-lb. 
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Thyristors 

2N4151 thru 2N4198 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 100°C) 

MCR2304 
MCR2305 < 
MCR2604 
MCR2605 


~ -1 
-2 
-3 
-4 
-5 
-6 
-7 

I -8 


V FOM* 


20 
50 
100 
200 
300 
400 
500 
600 


1 1 II 1 1 1 1 


1 1 1 1 1 1 1 1 


Volts 


Peak Forward Blocking Current. 
(Rated V FOM (5 Tj = 100°C, gate open) 


*FOM 






2 


mAdc 


Peak Reverse Blocking Current 
(Rated V RO m @ T j = 100°C, gate open) 


! ROM 






2 


mAdc 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 100S2) 


*GT 




10 


20 


mAdc 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = ,7 Vdc, R L = 100S2) 

(Anode Voltage = rated V" FO m j R^ = 100 f2 


, Tj = 100°C) 


v GT 

V GNT 


0.2 


0.6 
— 


1.5 

— 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc. gate open) 


X HO 




10 


25 


mA 


Forward On Voltage 
(I F = 5 Adc) 


v F 




1.0 


1.3 


Volts 


Turn-On Time (t . + t ) 
v d r' 
(I F = 5 Adc, I Q = 20 mAdc) 


ton 




1 




JLtS 


Turn- Off Time 
(I F = 5 Adc, I R = 5 Adc) 

(I F = 5 Adc, I R = 5 Adc, Tj = 100°C) 

(V FXM = rated voltage) 

(V RXM = rated voltage) 


W 


— 


12 
16 




JUS 


Forward Voltage Application Rate 
(Tj = 100°C, gate open) 


dv/dt 




50 




V/fis 


Thermal Resistance, Junction to Case 

MCR2304, MCR2604, MCR2605 Types 
MCR2305 Types 






1.5 
1.8 


2.7 
3.0 


°C/W 


Thermal Resistance, Case to Ambient** 

MCR2304, MCR2604, MCR2605 Types 


e 

CA 




50 


80** 


°C/W 



^FOM * or a ^ types can be applied on a continuous dc basis without incurring damage. Ratings apply 
for zero or negative gate voltage. These devices should never be tested with a constant current source 
for forward or reverse blocking capability such that the voltage applied exceeds the rated blocking 
voltage. 



♦♦Applies for the worst-case conditions of: (a) highest Oqj^ package configuration, (b) leads terminated 
at end points, (c) temperature measured at hottest spot on device (center of case bottom), and (d) still 
air mounting. 
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Thyristors 



2N4151 thru 2N4198 (continued) 

FORWARD CONDUCTION CHARACTERISTICS 
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SE WIC 
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v f , INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 
GATE TRIGGER CHARACTERISTICS 

^ MAXIMUM ALLOWABLE FORWARD GATE CURRENT 
l GFM = 2AMPS 



/ 



1.5 VOLTS 
GATE VOLTAGE 
REQUIRED TO TRIGGER 
ALL UNITS 



„ MAXIMUM ALLOWABLE 
GATE POWER 
P SFM = 5 WATTS 



AS A TRIGGER CIRCUIT DESIGN CRITERION 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 




MAXIMUM ALLOWABLE FORWARD- 
GATE VOLTAGE 10 VOLTS = 



~ i 1 r 

1 2 3 4 5 6 7 

V G . GATE VOLTAGE (VOLTS) 
(Tj = 25°C - ANODE @ 7 VOLTS) 

MAXIMUM ALLOWABLE NON-RECURRENT 
SURGE CURRENT 

II I I I II 

RATED LOAD CONDITIONS 
Tj - -40° TO 100°C 




CASE POLARITY 
- FORWARD POLARITY. 
REVERSE POLARITY 

I I 1 II 



4.0 6.0 8 0 10 20 
CYCLES AT 60 Hz 



60 



TYPICAL GATE TRIGGER CURRENT 
versus TEMPERATURE 



f 12.5 

I 

1 10.0 

I 

I 7.5 

s 

% 5.0 
2.5 









ANODF Vfll TAGF = 7 Vrir 
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TYPICAL HOLDING CURRENT 
versus TEMPERATURE 
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° \ 
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Thyristors 



2N4199 thru2N4204 !r PUSe,= Jn° 0 nnw 

V R om = 300-800 V 

Pulse Repetition Rates • 

to 10,000 pps 




Premium, fast switching, high- voltage Silicon 
Controlled Rectifiers especially designed for pulse 
modulator applications in radar and other similar equip- 
CASE 63 ment with guaranteed critical parameters. 



MAXIMUM RATINGS (Tj = 105°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 


v * 

ROM(rep) 


50 


Volts 


Forward Current RMS 


h 


2 


Amps 


Repetitive Pulse Current 
(PW = 10 jus) 


r FM(pulse) 


100 


Amps 


Current Application Rate** 


di/dt** 


5000 


A/ jts 


Average Forward Power 
(T c = 85°C max.) 


P F(AV) 


5 


Watts 


Peak Gate Power - Forward 


P GFM 


20 


Watts 


Average Gate Power - Forward 


P GF(AV) 


1 


Watt 


Peak Gate Current - Forward 


J GFM 


5 


Amps 


Peak Gate Voltage - Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


10 




Operating Junction Temperature Range 


T J 


-65 to +105 


°c 


Storage Temperature Range 


T stg 


-65 to +105 


°c 


Stud Torque 




15 


in.-lb. 



♦Characterized for unilateral applications where reverse blocking capability is not important. Higher 
VROM rated units available on request. 



♦♦Minimum Gate Trigger Pulse: 200 mA, ljtzs,wide, 20 ns rise time. 
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Thyristors 

2N4199 thru 2N4204 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage 
(T = 105°C) 2N4199 

2N4200 
2N4201 
2N4202 
2N4203 
2N4204 


V FOM 


300 
400 
500 
600 
700 
800 


1 1 1 1 1 1 


MINI 


Volts 


Peak Forward Blocking Current 
(Rated Y„~., T T = 105°C, gate open) 


X FOM 




0.2 


2 


mA 


Gate Trigger Current (Continuous dc) 

(Anode Voltage = 7 Vdc, R L = 100 ohms) 

(Anode Voltage = 7 Vdc, R L = 100 ohms, T c = -65°C) 


*GT 


— 


15 


50 
100 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = rated V FnM) R T = 100 ohms, 
T c = 105°C) 

(Anode Voltage = 7 Vdc, R L = 100 ohms) 

(Anode Voltage = 7 Vdc, R L = 100 ohms, T c = -65°C) 


V GT 


0.2 


0.8 


1.5 
1.8 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, gate open, Tj = 105°C) 


%o 


3 


7 


— 


mA 


Forward On Voltage 
(I f = 2 Adc) 


V F 




1.1 


1.5 


Volts 


Dynamic Forward On Voltage 

\\JmO n O (UICi OVJ /(J jJlrJ 

Forward Current: 30 A pulse (0.1 aid. cap. dis. ckt.) 
Gate Pulse: 200 mA, 1 ^s wide, 20 ns rise time 


V F(on) 




15 


25 


Volts 


Turn-On Time: 

Delay Time (All Units) 


*d 






200 


ns 


Rise Time 2N4199 & 2N4200 
2N4201 
2N4202 
2N4203 & 2N4204 


*r 


1 1 1 1 


1 1 1 1 


200 
150 
130 
100 


ns 


Test Conditions: Forward Current = 30 A pulse (0.1 u,fd. cap. dis. ckt.) 
Applied Forward Voltage = rated V F q M 
Gate Trigger Pulse: 200 mA, 1 jus wide, 20 ns rise time 








Turn- On Time Variation 
(Tj = -65 to 105°C) 


At 

on 




±100 




ns 


Pulse Turn-Off Time 


*off (pulse) 




15 


20 


lis 


Test Conditions: PFN discharge; Forward Current = 30 A pulse; Reverse Current = 5 A; 

Rep. Rate = 100 pps; Duty Cycle = 0.05%; Forward Voltage - rated V FQM ; 
T c = 85°C; dv/dt = 250 V/ /zs; 

Reverse anode voltage applied during turn off interval = 0 V; 

Reverse gate bias during turn off interval = -6 V; 

Gate Trigger Pulse: 200 mA, 1 .^s wide, 20 ns rise time. 

Turn off time measured from 90% pt. of forward, current decay to 10% pt. of reapplied forward 
voltage. 


Forward Voltage Application Rate 
(Tj = 105°C, gate open) 


dv/dt 


250 






V/ M s 


Thermal Resistance (Junction to Case) 


e 

JC 






3 


°C/W 
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- Thyrisiors - 



mcr649-1 thru mcr649-7 



ff = 20 A RMS 
Vrqm = 25-500 V 




CASE 61 

(TO-41 ) 



CASE 54 

(TO-3) 



Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 
For units with pins (TO-3) specify devices MCR649P-1 
thru MCR649P-7. 



MAXIMUM RATINGS (Tj - 1()0°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

MCR649-1 
-2 
-3 
-4 
-5 
-6 
-7 


v * 
v ROM 


25 
50 
100 
200 
300 
400 
500 


Volts 


Forward Current RMS 
(All Conduction Angles) 




20 


Amps 


Circuit Fusing Considerations 
(Tj = -40 to +100°C; t ^ 8.3 ms) 


I 2 t 


275 


A 2 s 


Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -40 to +100°C) 


I FM(surge) 


260 


Amps 


Peak Gate Power - Forward 


P GFM 


5.0 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


J GFM 


2.0 


Amps 


•Peak Gate Voltage - Forward 
Reverse 


V 

GFM 
V GRM 


10 
5.0 


Volts 


Operating Junction Temperature Range 


T J 


-40 to +100 


°C 


Storage. Temperature Range 


T stg 


-40 to +150 


°C 



* v ROM for al * types can be applied on a continuous dc basis without incurring damage. 



VROM ratings apply for zero or negative gate voltage. 
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Thyristors 

MCR649-1 thru MCR649-7 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage 

J -2 

-3 
_4 

-5 
-6 
-7 


V FOM 


25 
50 
100 
200 
300 
400 
500 


1 1 1 1 1 1 1 


1 1 1 1 1 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V FO m with 5 ate °P en > T J = 100°C) 


J FOM 


— 




5.0 


mA 


Peak Reverse Blocking Current 
(Rated V F qm with gate open, Tj = 100°C) 


Z ROM 




— 


5.0 


mA 


Gate Trigger Current (Continuous dc) 

(Anode Voltage = 7 Vdc, R L = 50 fl) ' 


J GT 


— 


30 


80 


mA 


Gate Trigger Voltage (Continuous dc) 

(Anode Voltage = 7 Vdc, R L = 50 S2) 

(Anode Voltage = Rated V F qj^, Rl = 50 Tj = 100°C) 


V GT 
V GNT 


0.3 


1.0 


3.5 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open) 


X HO 




20 




mA 


Forward On Voltage 
(I F = 20 Adc) 


v F 


— 


1.1 


1.5 


Volts 


Turn- On Time (t d + t r ) 
(I G = 50 mA, I F = 10 A) 


*on 




1.0 




ns 


Turn- Off Time 
(I F = 10 A, I R = 10 A, dv/dt = 20 V/ /is min, Tj =100°C) 

( V FXM = rated voltage) 
(V RXM = rated voltage) 


*off 




25 




/is 


Forward Voltage Application Rate 
(Gate open, Tj = 100°C) 

MCR649-1 thru MCR649-4 
MCR649-5 thru MCR649-7 


dv/dt 




20 
30 




V//is 


Thermal Resistance (Junction to Case) 


e JC 




1.0 


1.5 


°C/W 
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Thyristors 



MCR649-1 thru MCR649-7 (continued) 



MAXIMUM ALLOWABLE NON-RECURRENT 
SURGE CURRENT 




10 20 
CYCLES AT 60 Hz 





LOW 


CURRENT 


LEVEL 


















// 


/Y 








/ / / 


/ MA 


jmum 


m 


ICAL 


' / 








7 ' r 


















/-/ 












\tf — 








— Hn 












7 J 


UNCTION TEM 


PERATURE _ 






1 


Tj = 100°C 








- ij-^ 


> \j 




i 77 










i 












I 


if 










i 
i 


ll 









0.5 1.0 1.5 2.0 

f , INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 



MAXIMUM TRANSIENT THERMAL RESISTANCE 
JUNCTION TO CASE 





CURVE DEFINES TEMP RISE OF 
JUNCTION ABOVE CASE FOR 
-SINGLE LOAD PULSE OF DURA- 
TION t. PEAK ALLOWABLE DIS- 
SIPATION IN RECTIFIER FOR 
. TIME t, IF STARTING FROM 
CASE TEMP., EQUALS 100°C 
(MAX. Tj) MINUS MAXIMUM 
CASE TEMP, DIVIDED BY THE 
" TRANSIENT THERMAL RESIST- 
ANCE: 



- P P ..k = - 



0jc 



for A w X Z M ga A t L Sr B ^t GATE TRIGGER CHARACTERISTICS 

Igfm = 2 AMPS — . 



3.5 VOLTS 
MINIMUM 
GATE VOLTAGE 
REQUIRED TO 
TRIGGER 
ALL UNITS 



- MAXIMUM ALLOWABLE 
GATE POWER 
p GM = 5 WATTS 



APPROXIMATELY I 
95% OF UNITS | 
WILL TRIGGER I 
WITHIN THIS 
AREA 



AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 



.08 AMPERES MINIMUM - 
GATE CURRENT REQUIRED 

TO TRIGGER ALL UNITS 
(100°C — 50 mAj 
(_40°C — 150 mA) 




0 1 

0.3 



2 3 4 5 6 7 

V GI GATE VOLTAGE (VOLTS) 
(Tj = 25 °C — ANODE @ 7 VOLTS) 



MAXIMUM ALLOWABLE CASE TEMPERATURE 




8 10 12 14 16 
l F|A y„ AVERAGE FORWARD CURRENT (AMPS) 

POWER DERATING CURVE 



MAXIMUM POWER DISSIPATION _ 
WITH UNIT MOUNTED 
ON THE MS-10 HEAT SINK 

USING DC4* AND FREE 

CONVECTION COOLING 



.001 .002 .005 .01 



.02 .05 
t, TIME (s) 




30 40 50 60 70 
T A , AMBIENT TEMPERATURE (°C) 
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Thyrisiors 



MCR729-5 thru MCR729-1 0 tel = 300 0 °80 A 0 V 

Pulse Repetition Rates 
to 10,000 pps 



CASE 63 




Fast-switching, high-voltage silicon controlled rec- 
tifier especially designed and characterized for radar, 
proximity fuse, beacon and similar pulse applications. 



MAXIMUM RATINGS (Tj = 105°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 


V R0M(rep)* 


50 


Volts 


Forward Current RMS 




2 


Amps 


Repetitive Pulse Current 
(PW = 10 jus)' 


^Mfoulse) 


100 


Amps 


Average Forward Power 


P F(AV) 


5 


Watts 


Peak Gate Power - Forward 


P GFM 


20 


Watts 


Average Gate Power - Forward 


P GF(AV) 


1 


Watt 


Peak Gate Current - Forward 


! GFM 


5 


Amps 


Peak Gate Voltage - Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


10 




Operating Junction Temperature Range 


T J 


-65 to+ 105 


°c 


Storage Temperature Range 


T stg 


-65 to + 150 


°c 


Stud Torque 




15 


in.-lb. 



*Characterized for unilateral applications where reverse blocking capability is not important. Higher 
V OM rated units available on request. 
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Thyristors 

MCR729-5 thru MCR729-10 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 105°C) MCR729-5 

-6 
-7 
-8 

-10 


V FOM* 


300 
400 
500 
600 
700 
800 


MINI 


1 1 1 1 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V FOM , Tj = 105°C, gate open) 


I FOM 




0.2 


2 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 100 ohms) 


X GT 




10 


50 


mAdc 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 100 ohms) 


V GT 




0.8 


1.5 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, gate open) 


! HO 


5 


15 




mA 


Forward On Voltage 
(I f - 2 Adc) 


V F 




1.1 


1.5 


Volts 


Dynamic Forward On Voltage 

(0.5 ,1s after 50% pt, Iq = 200 mA, 

I . =30 Amps) 
pulse ^ 


V F(on) 


— 


15 


25 


Volts 


Turn-On Time (t d + t r ) 
(I G = 200 mA) 

(I pulse = 30 AmpS peak) 

^pulse = 100 Am P s P eak ) 


ton 




200 
400 




ns 


Turn-On Time Variation 
(Tj = +25°C to +105°C and -65°C to +25°C) 


At on 




±500 




ns 


Pulse Turn-Off Time 


^f f (pulse) 




15 




lis 


Test Conditions: PFN discharge; Forward Current = 30 A pulse; Reverse Current = 5 A; 

Rep. Rate = 100 pps; Duty cycle = 0. 05%; Forward Voltage = rated V FO M> 
Tq = 85°C; dv/dt = 250 V/ fis; Reverse anode voltage applied during turn-off 
interval = rated V FOM ; 

Reverse gate bias during turn-off interval = -6 V; 
Gate Trigger Pulse: 200 mA, 1 /is wide, 2 ns rise time. 
Turn-off time measured from 90% pt. of forward, current decay to 10% pt. of reapplied forward voltage. 


Forward Voltage Application Rate 
(Tj = 105°C, gate open) 


dv/dt 


50 






V/ns 


Thermal Resistance (Junction to Case) 


6 jc 






3 


°C/W 



♦Other voltage units available upon request. 
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Thyristors 



mcr808 , R series 

MCR1308, R series 



If = 18 A RMS 



'ROM(rep) 



= 25-400 V 



CASE 68 

(MCR1308, R) 




Low- cost, silicon controlled rectifiers available in 
two package styles and reverse polarity for versatile, 
economical, general-purpose applications. For 
reverse polarity (Cathode-to-case) add suffix "R" 
(e.g.MCR808R, MCR1308R). 



CASE 62 

(MCR808, R) 



MAXIMUM RATINGS (Tj = 100°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

-1 

MCR808 -2 
MCR808R ' -3 
MCR1308 -4 
MCR1308R -5 
1-6 


v ROM(rep)* 


25 
50 
100 
200 
300 
400 


Volts 


Forward Current RMS 
(All Conduction Angles) 


h 


18 


Amps 


Circuit Fusing Considerations 
(Tj = -40 to +100°C; t =1 8.3 ms) 


I 2 t 


235 




Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -40 to + 100°C) 


! FM(surge) 


225 


Amps 


Peak Gate Power - Forward - 


P GFM 


5.0 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


X GFM 


2.0 


Amps 


Peak Gate Voltage - Forward 
Reverse 


V GFM 
V GRM 


10 
10 


Volts 


Operating Junction Temperature Range 


T J 


-40 to +100 


°C 


Storage Temperature Range 


T stg 


-40 to +150 


°C 


Stud Torque-MCR1308 and MCR1308R 




30 


in.-lb. 



* v ROM(rep) * 0T a ^ tyv es can ^ e applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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Thyrisfors 

MCR808, R, MCR1308, R (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 100°C) 1 -1 
MCR808 -2 
MCR808R . -3 
MCR1308 * -4 
MCR1308R -5 
-6 


V FOM* 


25 
50 
100 
200 
300 
400 


1 1 1 1 1 1 


1 1 1 1 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V FO m with gate open, Tj = 100°C) 


! FOM 




1 


8.0 


mA 


Peak Reverse Blocking Current 
(Rated V RO m wit h gate open, Tj = 100°C) 


*ROM 




1 


5.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50 fl) 


*GT 




10 


50 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R^ = 50 fl) 

(Anode Voltage = Rated V FOM , R L = 50ft, Tj = 100°C) 


V G T 
V GNT 


0.3 


0.7 


1.5 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc Gate Open) 


! HO 




8.0 




mA 


Forward On Voltage 
(I F = 18 Adc) 






1.1 


1.6 


Volts 


Turn-On Time (t<j + t r ) 
(I F = 18 Adc, I G = 50 mAdc) 


ton 




1.0 




MS 


Turn-Off Time 
(I F = 10 A, I R = 10 A, dv/dt = 20 V/jus) 

(I F = 10 A, I R = 10 A, dv/dt = 20 V/fis, Tj = 100°C) 

(V FXM = rated voltage) 

( V RXM = rated voltage) 




— 


20 
30 




lis 


Forward Voltage Application Rate 
(Tj = 100°C, gate open) 


dv/dt 




30 




V/fis 


Thermal Resistance (Junction to Case) 

MCR808, MCR808R 

MCR1308, MCR1308R 


0JC 




1.0 
1.4 


1.6 
2.0 


°C/W 



*"VfOM for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 



PRESS IN MOUNTING 

1 . Heat Sink Hole — To provide good SCR heat sink surface con- 
tact, the diameter of the heat sink hole should be 0.499 ±.001 
inch. The edge of the hole into which the SCR will be pressed 
should be slightly beveled to aid in starting and to prevent 
shearing off of the package knurl. The depth and width of this 
beveled break should be 0.01 0 nominal. 

2. Hardness of Heat Sink Material — If the SCR is pressed into 
a heat sink material which is harder than the case of the SCR, 
degradation of voltage characteristics can occur because of 

' stresses placed on the package and consequently on the silicon 
die inside. Therefore, the following hardnesses for the heat sink 
material are rec@«»me*wted : 

Copper — less than 50 on the Rockwell F scale 
(Use MCR»08 case is 50 or greater ) 
Aluminum — less than 65 on the Brinell scale. 



3. Press-In Force — The recommended press-in force is between 
250 and 1000 pounds per square inch. It is extremely im- 
portant that this force be applied only to the external annular 
ring portion of the device. If pressure is applied to the glass- 
to-metal seal portion of the device, stresses can result which 
crack the glass and/or break the hermetic seal. 

Typical Thermal 
Resistance, Case 
to Sink 0 e , = 1° C/W 5 

HEAT SINK MOUNTING 
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- Thyristors - 



MCR808, R, MCR1308, R (continued) 



MAXIMUM ALLOWABLE 
FORWARD GATE 
CURRENT 
l GFM = 2 AMPS 




GATE TRIGGER CHARACTERISTICS 



MAXIMUM ALLOWABLE 
GATE POWER 
Pgm = 5 WATTS 



U 1.5 VOLTS GATE VOLTAGE 

•-+, REQUIRED TO TRIGGER ALL UNITS 



AS A TRIGGER CIRCUIT DESIGN CRITERIA 
ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 




3 4 5 6 7 
V G( GATE VOLTAGE (VOLTS) 
(L = 25°C — ANODE @ 7 VOLTS) 



FORWARD CONDUCTION CHARACTERISTICS 




TYPICAL HOLDING CURRENT versus TEMPERATURE 























N 




ANOC 


E VOLTA 
GATE 


GE = 7 
)PEN 


/dc 








> s - — 



























































_60 -40 -20 0 20 40 60 80 100 
T A , AMBIENT TEMPERATURE (°C) 



CURRENT DERATING 
(MCR808 and MCR808R series) 
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DC 





































0 2 4 6 8 10 12 14 16 18 
| f (AVJ , AVERAGE FORWARD CURRENT (AMPS) 



CURRENT DERATING 

(MCR130B and MCR13A8R series) 























=•< 


JON 


3UCTI0N ANGLE 
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C 
























N 
































*6 


0° 
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DC 


S 



1.0 1.5 2.0 2.5 3.0 

: , INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 



0 2 4 6 8 10 12 14 16 18 
l f , AV „ AVERAGE FORWARD CURRENT (AMPS) 
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- Thyristors - 



ij^nftAA If = 2 A RMS 

MCR04O series v — oconnv 

V R0 M(rep) — 25-200 V 




Silicon controlled rectifiers for low-power switching 
and control applications requiring blocking to 200 volts 
and load currents to 2 amps. 



CASE 63 



MAXIMUM RATINGS (Tj = 105 °C unless otherwise noted) 



rharartprktip 

ulldiauiGl lallo - 


Cumhnl 

Ojf IIIUUI 


Psting 


Units 


JTC&n. UCVCliSC ClUVslUUg V Ullage 

MCR 846-1 
-2 
-3 
-4 


V ROM(rep) 


25 
50 
100 
200 




Forward Current RMS (all conduction angles) 


h 


2.0 


Amps 


Circuit Fusing Considerations 
(Tj = -65 to +105°C; t g 8.3 ms) 




35 


A 2 s 


Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -65to+105°C) 


I FM(surge) 


30 


Amps 


Peak Gate Power - Forward 


P GFM 


5.0 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current - Forward 


*GFM 


2.0 


Amps 


Peak Gate Voltage - Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


10 




Operating Junction Temperature Range 


T J 


-65 to +105 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Stud Torque 




15 


in.-lb. 
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Thyristors 

MCR846 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage 
(Tj = 105°C) MCR846-1 
-2 
-3 
-4 


v 

FOM 


25 
50 
100 
200 


1 1 1 1 


MM 


Volts 


(Rated V FO m witn g ate °P en » T j = 105°C) 


^OM 


— 




2.0 




PGsJk RcvsrsG Blocking Current 
(Rated V RQM with gate open, Tj = 105°C) 


T ~ - 
ROM 


— 


— 


2.0 




natp Trio'O'pr f^iirrpnt* /PnnHniiniiG Hf»^ 
vjciLc 1 V/uncui \v_/ UIILI11UUU.0 j 

(Anode Voltage = 7 Vdc, Rl = 100 R) 


GT 




10 


50 




Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 100 n) 


V GT 


— 


0.8 


1.5 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open) 


%o 


— 


15 




mA 


Forward On Voltage 
(Ip - I Adc) 


V F 




1.3 


1.6 


Volts 


Turn-On Time (t d + t r ) 
(I G = 50 mA, I F = 2 A) 


^n 




0.5 




jUS 


Turn- Off Time 
(I F = 2 A, I R = 10 A, dv/dt = 50 V/jus) 

( V FXM = rated voltage) 
(V RXM = rated voltage) 


toff 




6 




MS 


Forward Voltage Application Rate 
(Tj = 105°C, gate open) 


dv/dt 


50 






V//is 


Thermal Resistance (Junction to Case) 


0JC 






3 


°C/W 



mcr1308, R series 

For Specifications, See MCR808 Data Sheet. 
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Thyristors 



MCR 1 7 1 8-5 thru MCR 1 7 1 8-8 J RQM * t 300- 600 V 

iFM(pulse) = 1000 A 




CASE 63 



Fast -switching, high-voltage silicon controlled rec- 
tifiers for pulse modulator applications requiring block- 
ing to 600 volts and repetitive pulse currents to 1000 
amps. 



MAXIMUM RATINGS (Tj = 125 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


a Cdiv xicvcioc V Ullage 

MCR1718-5 
c 

-D 

-7 
-8 


v ROM(rep) 


300 
400 
500 
600 


Volts 


Peak Reverse Blocking Voltage (Transient) 
(Non-Recurrent 5 ms (max.) 

MCR1718-5 
-6 
-7 
-8 


V ROM(non-rep) 


400 
500 
600 
700 


Volts 


Forward Current RMS 


h 


25 


Amps 


Peak Repetitive Pulse Current 
(1-10 /is Pulse Width) 


! FM(pulse) 


1000 


Amps 


Current Application Rate 
(up to 1000 Adc peak) 


di/dt 


1000 


A/ais 


Circuit Fusing Considerations 
(Tj = -65 to +125°C; t ^ 1.0 ms) 


I 2 t 


250 


A 2 s 


Dynamic Average Power 
(T C = 65°C) 


P F(AV) 


30 


Watts 


Peak Gate Power - Forward 


P GFM 


20 


Watts 


Average Gate Power - Forward 


P GF(AV) 


1.0 


Watt 


Peak Gate Current - Forward 


*GFM 


5.0 


Amps 


Peak Gate Voltage - Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


10 




Operating Junction Temperature Range 


T J 


-65 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Stud Torque 




30 


in.-lb. 



* v ROM(rep) * or a ^ tv P es can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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Jhyristors 

MCR1718-5 thru MCR1718-8 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 125°C) MCR1718-5 
-6 
-7 
-8 


V FOM* 


300 
400 
500 
600 


1 1 1 1 


1 1 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V FQM with gate open, Tj = 125°C) 


! FOM 


— 


— 


8.0 


mA 


Peak Reverse Blocking Current 
(Rated V RfW with gate open, T T = 125°C) 


X ROM 






8.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R, = 50 S2) 


J GT 




10 


50 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50S2, T c = 25°C) 

(Anode Voltage = Rated V FOM , R L = 50ft, Tj = 125°C) 


v 

GNT 


0.25 


0.8 


1.5 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open, T c = 25°C) 

(Anode Voltage = 7 Vdc, Gate Open, Tj = 125°C) 


^O 


5 


15 
6 


- 


mA 


Forward On Voltage 
(I F = 25 Adc) 


V F 




1.1 


1.3 


Volts 


Dynamic Forward On Voltage 
(I G T = 500 mA, Ip Ulse = 500 Amps) 

(1 0 us after start (10% nt ) of I , ) 

(5.0 fis after start (10% pt.) of Ip Ulse ) 


V F(on) 





30 
5 




Volts 


Pulse Turn-Off Time 
(I F = 500A, I R = 10 A, dv/dt = 20 V/ M s) 

(V pxM = rated voltage) 
(V RXM = rated voltage) 

(Conductive Charging Circuit - Circuit dependent) 


*off 




20 




US 


Forward Voltage Application Rate 
(Gate Open, Tj = 125°C) 


dv/dt 




100 




V//iS 


Thermal Resistance (Junction to Case) 


^JC 






2.0 


°C/W 



* v FOM for a11 tv P es can De supplied on a continuous dc basis without incurring 



damage. Ratings apply for zero or negative gate voltage. 
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Thyristors 



MCR 1 907- l.hruMCR 1907-6 v '' = 25 ,ARMS 

V RO M[repJ = 25-400 V 

Fast turn-on, fast turn-off silicon controlled recti- 
fiers for high-frequency applications requiring block- 
ing to 400 volts and load currents to 25 amps. 

CASE 64 

(TO-48) 




MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Units 


Peak Reverse Blocking Voltage* 

MCR 1907-1 
-2 

o 
-o 

-4 
-5 
-6 


V ROM(rep)* 


25 
50 
100 
200 
300 
400 


Volts 


Peak Reverse Blocking Voltage 
(Non~Rccurr6nt 5 ms (ixicix.) 

MCR1907-1 
-2 
-3 
-4 
-5 
-6 


V ROM(non-rep) 


35 
75 
150 
300 
400 
500 


Volts 


Forward Current RMS 
(All Conduction Angles) 


h 


25 


Amps 


Circuit Fusing Considerations 
(Tj = -65 to + 125°C; t ^ 8.3 ms) 


l2 t 


75 


A 2 S 


Peak Forward Surge Current 
(One Cycle, 60 Hz, Tj = -65 to +125°C) 


x FM(surge) 


150 


Amps 


Peak Gate Power - Forward 


P GFM 


5.0 


Watts 


Average Gate Power - Forward 


P GF(AV) 


0.5 


Watt 


Peak Gate Current — Forward 


X GFM 


2.0 


Amps 


Peak Gate Voltage - Forward 


V GFM 


10 


Volts 


Reverse 


V GRM 


5.0 




Operating Junction Temperature Range 


T J 


-65 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Stud Torque 




30 


in.-lb. 



* v ROM(rep) for al * tyP es can ^> e applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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Thyristors 

MCR1 907-1 thru MCR1 907-6 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Peak Forward Blocking Voltage* 
(Tj = 125°C) MCR1907-1 
-2 
-3 
-4 
-5 
-6 


V FOM* 


25 
50 
100 
200 
300 
400 


1 1 1 1 1 1 


1 1 II 1 1 


Volts 


Peak Forward Blocking Current 
(Rated V FQM with gate open, Tj = 125°C) 


*FOM 






4.0 


mA 


Peak Reverse Blocking Current 
(Rated V RQM with gate open, Tj = 125°C) 


J ROM 






4.0 


mA 


Gate Trigger Current (Continuous dc) 
(Anode Voltage = 7 Vdc, R L = 50ft) 


J GT 




15 


30 


mA 


Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = 7 Vdc, R T = 50 52) 

(Anode Voltage = Rated V FQM , R L = 50fi, Tj = 125 C) 


V GT 
V GNT 


0.25 




1.5 


Volts 


Holding Current 
(Anode Voltage = 7 Vdc, Gate Open) 


*HO 




12 




mA 


Forward On Voltage 
(I F = 20 Adc) 


v F 




1.4 


1.7 


Volts 


Turn-On Time 
(I G = 200 mA, I F = 10 A) 


^n 




0.5 




MS 


Turn-Off Time 
(I F =10 A, I R = 10 A, dv/dt = 30 V//is min.) 

(V FX m = rated voltage) Tj = 125°C 
( V RXM = rated volta S e ) 








12 


JUS 


Forward Voltage Application Rate 
(Tj = 125°C, gate open) 


dv/dt 


30 






V//iS 


Thermal Resistance (Junction to Case) 


*JC 




1.0 


1.7 


°C/W 



♦Vjpqm for all types can be applied on a continuous dc basis without incurring damage. 



Ratings apply for zero or negative gate voltage. These devices should never be tested 
with a constant current source for forward or reverse blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 
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Thyristors 

MCR1 907-1 thru MCR 1907-6 (continued) 



CURRENT DERATING 




0 2 4 6 8 10 12 14 16 18 20 22 24 26 
Ifiav) AVERAGE FORWARD CURRENT (AVPS) 



TURN-OFF TIME TEST CIRCUIT f 



FORWARD 
CURRENT 
SUPPLY 



*S |r| 



REVERSE 
CURRENT 
SUPPLY 



(SELECTED 
}| RECOVERY DIODE) 
-O SCOPE (VOLTAGE) 



TEST UNIT 

— O SCOPE (GROUND) 
— O SCOPE (CURRENT) 




SCRj TRIGGERED "ON" 



Forward conduction current is passed through the device 
(SCRj and test device triggered on). The anode is then 
driven negative (SCR L , triggered on), causing reverse current 
to flow. The anode-to-cathode potential goes negative with 
a decrease in reverse current. Forward voltage is then ap- 
plied to the anode of the device (SCR 3 triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 

f Consult manufacturer for further circuit information. 



TYPICAL TURN-OFF TIME versus 
PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE 




-65 -50 -25 0 25 50 75 100 125 
Tj, JUNCTION TEMPERATURE (°C) 



FORWARD CONDUCTING CHARACTERISTICS 




£ 0.0 0.5 1.0 1.5 2.0 

v Fl INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 



mcr2304 series 
mcr2305 series 

MCR 2604 series 
MCR2605 series 



For Specifications See 2N4151 Data Sheet. 
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Thyristors 



4-LAYER DIODES 

These 4- layer diodes are forward breakover devices designed for low- volt- 
age, two-terminal switching and triggering applications. These devices are 
recommended for logic circuit applications, as pulse generators, memory and 
relay drivers and relay replacements as well as for alarm circuits, multivi- 
brators, ring counters, signal switching and SCR trigger circuits. Polarity 
band indicates cathode. 

4-LAYER DIODE SYMBOLS AND DEFINITIONS 



- V f @ l f 



lift 



dv/dt 
! (BR)F 



pulse 



FORWARD VOLTAGE APPLICATION RATE (V/l±s) - The rate of rise of forward voltage. 

FORWARD BREAKOVER (SWITCHING) CURRENT - The value of anode current at the instant the de- 
vice switches from the blocking to the "on" state, specified at a particular junction temperature. 

FORWARD CURRENT - The continuous or dc value of forward current during the "on" state. 

PEAK FORWARD BLOCKING CURRENT - The peak anode current when the 4-layer diode is in the 
"off" state for a stated anode-to- cathode voltage and junction temperature. 

HOLDING CURRENT - That value of forward anode current below which the 4-layer diode switches 
from the conducting state to the forward blocking condition. 

PEAK PULSE CURRENT - The peak repetitive current that can flow through the device for the time 



RM 

P^ 



stg 



(BR)F 



RM(rep) 



PEAK REVERSE BLOCKING CURRENT - The peak current when the 4-layer diode is in the reverse 
blocking state for a stated anode-to- cathode voltage and junction temperature. 

STEADY STATE POWER DISSIPATION 

AMBIENT TEMPERATURE 

JUNCTION TEMPERATURE 

STORAGE TEMPERATURE 

TURN-ON TIME - The time interval between the 90% point (90% of forward blocking voltage) and 
the point 10% above the "on" voltage under stated conditions. - 

TURN-OFF TIME - The time interval required for the device to regain control of its forward block- 
ing state to the low- impedance "on" state, specified at a particular junction temperature. 

FORWARD BREAKOVER (SWITCHING) VOLTAGE - The positive dc anode voltage with respect to 
cathode required to switch the device from the high impedance blocking state to the low-impedance 
"on" state, specified at a particular junction temperature. 

FORWARD VOLTAGE - The forward voltage across the device in the "on" state under stated con- 
ditions of current and temperature. 

FORWARD BLOCKING VOLTAGE - The anode-to-cathode dc voltage when the 4-layer diode is in 
the "off" state. 

PEAK REVERSE VOLTAGE - The maximum allowable instantaneous value of reverse voltage (re- 
petitive or continuous dc) which can be applied to the device at a stated temperature without damage 
to the device. 
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M4L2052 
m4l2053 
m4l2054 



i 




CASE 59 

MAXIMUM - RATINGS (Ta = 25°C unless otherwise noted) 



V (BR)F =8-12V 
V RM(r ep, = 10-12V 
l F = 500 mA 
P D = 750 mW 



PNPN 4 -layer diodes for 
low-voltage switching and 
triggering applications. 



Characteristic 


bymbol 


Rating 


1 In'.* 

Unit 


Peak Reverse Blocking Voltage 
M4L2052 
M4L2053 
M4L2054 


V RM(rep) 


10 

n 

12 


Volts 


Continuous Forward Current 


*F 


500 


mA 


Steady State Power Dissipation t =25°C 
Derate above 25°C A 


P D 


750 
10 


mW 
mW/°C 


Peak Pulse Current 

(10 juts maximum pulse width) 


*pulse 


100 


Amps 


Operating Junction Temperature Range 


T J 


-65 to +100 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Forward. Breakover (Switching) Voltage 

M4L2052 
M4L2053 
M4L2054 


V (BR)F 


8 
9 

10 




10 

n 

12 


Volts 


Forward Breakover (Switching) Current 


I (BR)F 




15 


50 


jiA 


Forward Blocking Current 
(Measured at 75% of V (BR)F ) 


*FM 




1 


5 


ma 


Reverse Blocking Current 
(at rated VRMrep ) 


J RM 






10 


ma 


Holding Current . 


% 




3 


15 


mA 


Forward On Voltage 
(I F = 500 mAdc) 


V F 




1.1 


1.5 


Volts 


Turn On Time 
(at rated V (BR)F> I p = 1 A peak) 


ton 




60* 




ns 


Turn Off Time 
(I F = 100 mA, V F applied = 5 V, V R applied = 5 V, 
dv/dt = 5V/ /i sec, typical Ijj of units tested = 5 mA) 


*off 




2* 




/iS 



♦Time depends on a wide variety of circuit conditions. 
Consult manufacturer for further information. 
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M4L2052, M4L2053, M4L2054 (continued) 



TYPICAL FORWARD BREAKOVER (SWITCHING) 
VOLTAGE versus TEMPERATURE 



TYPICAL FORWARD BREAKOVER (SWITCHING) 
CURRENT versus TEMPERATURE 



0 25 50 

T A , AMBIENT TEMPERATURE (°C) 



75 100 



FORWARD CONDUCTION CHARACTERISTICS 
LOW LEVEL 



~ 0.7 
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-40 -25 0 25 50 75 100 

T A , AMBIENT TEMPERATURE (°C) 

TYPICAL HOLDING CURRENT versus TEMPERATURE 

20 



-40 -25 0 25 50 75 

T A . AMBIENT TEMPERATURE (°C) 

TYPICAL REVERSE BLOCKING VOLTAGE 
versus TEMPERATURE 



T A AMBIENT TEMPERATURE (°C) 

TYPICAL CAPACITANCE 
versus APPLIED FORWARD VOLTAGE 



2 3 4 5 6 7 8 
INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS). 




1 2 3 4 5 6 7 8 9 

APPLIED FORWARD VOLTAGE (VOLTS) 
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M4L3052 thru M4L3054 J™' = J"J2 « V 

NOW 1N5158 thru 1N5160 If=T50 mA 

P D = 150 mW 

PNPN 4-layer diodes, two- terminal, fast switching 
devices specifically designed for low voltage applica- 
tions such as logic circuits, pulse generators, mem- 
ory and relay devices, relay replacement, alarm cir- 
cuit, multivibrators, ring counters, and signal switch- 
ing circuits. These devices feature low breakover 
CASE 51 \ (switching) voltage, fast switching speeds, low junction 

(DO-7) \ capacitance, low breakover currents, and sub- minia- 

ture package. 



MAXIMUM RATINGS <Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Peak Reverse Blocking Voltage 
M4L3052 
M4L3053 
M4L3054 


V RM(rep) 


10 

11 

12 


Volts 


Continuous Forward Current 


IF 


150 


mA 


Steady State Power Dissipation @ T A = 50°C 
Derate above 50°C 


Pd 


150 
1.5 


mW 

mW/°C 


Peak Pulse Current 
(50 /is maximum pulse width) 


*pulse 


10 


Amps 


Operating Junction Temperature Range 


T J 


-65 to +150 


°c 


Storage Temperature Range 


T stg 


-65 to +175 


°c 
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Jhyrisiors 

M4L3052 thru M4L3054 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Forward Breakover (Switching) Voltage 

M4L3052 
M4L3053 
M4L3054 


V (BR)F 


8 
9 
10 


— 


10 

n 

12 


Volts 


Forward Breakover (Switching) Current 


*(BR)F 




5 


50 


MA 


Forward Blocking Current 
(Measured, at 75% of V( BR j F ) 


*FM 


— 


1 


5 


liA 


Reverse Blocking Current 
(Measured at rated Vr^ (rep)) 


IRM 





2 


10 


fiA 


Holding Current 


% 


1 


4 


20 


mA 


Forward On Voltage 
(I F = 150 mAdc) 


V F 




1.0 


1.5 


Volts 


Junction Capacitance 

(AC Voltage = 10 mV, V p = 0, f = 100 kHz) 


Cj 




42 




PF 


Turn-On Time 


*on 




50* 




ns 


Turn-Off Time 


toff 




100* 




ns 



•Time depends on a wide variety of circuit conditions. Consult manufacturer for further information. 



TURN-ON TIME TEST CIRCUIT 

100K 



250V 



(-) 




TURN-OFF TIME TEST CIRCUIT 



450S2 
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■ Thynstors - 



M4L3052 thru M4L3054 (continued) 



TYPICAL FORWARD CONDUCTION CHARACTERISTICS 



TYPICAL CAPACITANCE 








































































a = 25° 





























































0 1 2 3 4 5 6 

Vp, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 



2 3 5 

V F , FORWARD VOLTAGE (VOLTS) 



| 

" 0.7 



TYPICAL DC CHARACTERISTICS versus TEMPERATURE 

(NORMALIZED to 25"C VALUE) 



FORWARD BREAKOVER VOLTAGE 



REVERSE BLOCKING VOLTAGE 




-75 -50 -25 0 25 50 75 100 125 150 
T Al AMBIENT TEMPERATURE (°C> 
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| 1.0 
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T*, AMBIENT TEMPERATURECCI 



FORWARD BREAKOVER CURRENT 



HOLDING CURRENT 



Z2L 



z: 



5: 



-25 0 25 50 75 
I fc AMBIENT TEMPERATURE PC) 
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Ta, AMBIENT TEMPERATURE CO 
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Thyristors — 

ADDITIONS AND MODIFICATIONS 
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Thyristors 

ADDITIONS AND MODIFICATIONS 
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Thyrisiors 

ADDITIONS AND MODIFICATIONS 
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Thyristors 

ADDITIONS AND MODIFICATIONS 
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I 

POWER TRANSISTORS 



6-1 



Power Transistors 



For case outline dimensions, see page 1 -1 86. 
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■ Power Transistors 



HIGH POWER TRANSISTORS 



High - power transistors in this section include both germanium and silicon 
devices. Generally, these transistors are characterized for both amplifier and 
switching applications requiring power dissipation ratings up to 170 Watts. 



The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 



POWER TRANSISTORS 



JAN 2N174 


MIL-S-19500/13B 


6-13 


JAN 2N297A 


MIL-S-19500/36B 


6-24 


JAN 2N665 


MIL-S-19500/58C 


6-38 


USA2N1011 


MIL-T-19500/67 


6-40 


USA 2N1120 


MIL-T-19500/68 


6-47 


USN 2N1165 


MIL-S-19500/178B 


6-49 


USN 2N1358 


MIL-S-19500/122A 


6-13 


JAN 2N1412 


MIL-S-19500/76B 


6-53 
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•Power Transistors- 



GERMANIUM POWER TRANSISTOR SELECTION CHART 



3-AMP Also Available as HI-REL Types 




LOW I cio 
P D = 62.5W 
f T = 0.6 MC 
Tj MAX = H0°C 



*lc = 0.5A, V« = 2 V 




30-60 



50-100 



30 V 



2N2137 
MP2137f 



2N2142 
MP2142f 



30 V 



45 V 



2N2138 
MP2138f 



2N2143 
MP2143t 



45 V 



60 V 



2N2139 
MP2139f 



2N2144 
MP2144f 



60 V 



75 V 



2N2140 
MP2140f 



2N2145 
MP2145f 



75 V 



90 V 



2N2141 
MP2141f 



2N2146 
MP2146f 



90 V 



3-AMP 



40 V 



60 V 



75 V 



100V 



P„ = 106 W 
f T = 0.35 MC 

TjMAX= 110°C 



*lc= 1 A, V CE = 4 V 



35-90 



60-140 




50 V 



80 V 



100 V 



120V 



5-AMP Also Available as HI-REL Types 



30 V 



45 V 



60 V 



75 V 



90 V 



20-40'" 



2N1529 
MP1529f 



2N1530 
MP1530f 



2N1531 
MP1531f 



2N1532 
MP1532f 



2N1533 
MP1533f 



P D = 106W 
i"fi = 0.35 MC 
Wf T = 0.40 MC 

TjMAX=110°C 



*lc = 3 A, V CE = 2V 



35-70 "» 



2N1534 
MP1534f 



2N1535 
MP1535f 



2N1536 
MP1536f 



2N1537 
MP1537f 



2N1538 
MP1538f 



50-100'" 



2N1539 
MP1539t 



2N1540 
MP1540f 



2N1541 
MP1541t 



2N1542 
MP1542f 



2N1543 
MP1543f 



75-1 50 "> 



2N1544 
MP1544f 



2N1545 
MP1545f 



2N1546 
MP1546t 



2N1547 
MP1547f 



2N1548 
MP1548f 




40 V 



60 V 



80 V 



100 V 



120 V 



5-AMP 



30 V 



45 V 



60 V 



P D = 170 W 
f T = 0.3 MC 
Tj MAX= 110'C 



60-120 



100-200 



*lc = 3 A, V« = 2V 




30 V 



45 V 



60 V 



7-AMP 




ECONOMY LINE 



Po = 85 W 
- J f T = 0.7 MC 

= HO^C 



30 V 



45 V 



60 V 



75 V 



30-60** 
35-70 



2N3611 
MP3611f 



2N3612 
MP3612f 



2N3615** 
MP3615f 



2N3616** 
MP3616f 



45-90*** 
60-120 



2N3613 
MP3613t 



2N3614 
MP3614f 



2N3617*** 
MP3617f 



2N3618*** 
MP3618t 




40 V 



60 V 



80 V 



100 V 



7-AMP 



ECONOMY LINE 

Po = 85 W 
f T = 0.6 MC 

TjMAX = HO'C 

*lc = 3A, Vce = 2V 



30 V 



45 V 



60 V 



75V 



30-200 



40 V 



60 V 



75 V 



90 V 



10-AMP pnip 



p D = 85w 

^<i;3^) ^jgU_p>^ fi ~ 0.70 mc 

T0-3J 1 T0-41H '"' Tjmxx^IIO'C 

*lc = 3A, V«='2V 



20-50 




80 V 



2N2526 
MP2526f 



80 V 



120V 



160 V 



2N2527 
MP2527| 



2N2528 
MP2528f 



120V 



160 V 



15-AMP Also Available as HI-REL Types 



40 V 



50 V 



70 V 



80 V 



P„ = 170W 
f T = 0.30 MC 
Tjmax=: 110°C 



*lc = 5A, V c . = 2V 



20-40 



35-70 



40 V 



50 V 



70 V 



80 V 



6-4 
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15-AMP 



E3> 



P D = 150 W 
fi = 0.30 MC 
Tjmax = HO'C 



*lc = 5A. V C . = 2V 



20-40 



25-50 



35-70 




40 V 



40 V 



45 V 



50 V 



50 V 



60 V 



70 V 



80 V 



15-AMP Also Available as HI-REL Types 



30V 



45 V 



60 V 



75V 



10-30'" 



2N1549 
MP1549f 



2N1550 
MP1550f 



2N1551 
MP1551f 



2N1552 
MP1552| 



P„= 106 W 
">f T = 0.55 MC 
"»fT = 0.40MC 

TjMAX= 110*C 



•lc = 10 A, V CE = 2V 



30-60 (J > 



2N1553 
MP1553f 



2N1554 
MP1554f 



2N1555 
MP1555f 



2N1556 
MP1556f 



50-100 1:1 



2N1557 
MP1557f 



2N1558 
MP1558f 



2N1559 
MP1559f 



2N1560 
MP1560f 




40 V 



60 V 



80 V 



100 V 



20-AMP 



50 V 



P D = 85 W 
f T = 18 MC 

TjMAX — 110*C 

*lc - 10 A, V CE = 2V 



25-100 



2N2832 
MP2832f 




80 V 



75 V 



2N2833 
MP2833f 



120V 



25-AMP Also Available as HI-REL Types 



35V 



60 V 



Pd = 106 W 
fr = 0.40 MC 
T JU « = 110°C 

*lc=25 A, Vce = IV 



15-65 



2N1162 
2N1163f 



2N1164 
2N1165f 




50 V 



80 V 



25-AMP 



0.5 V 



P D = 75W 
fr : 30 MC 
TjMAX = 110 e C 

*l c = 10 A, V« = 2V 
**lc = 25 A, I, = 2.5 A 



75 min 




15V 



30-AMP 



Also Available as HI-REL Types 



45 V 



P 0 = 170 W 
fr = 0.3 MC 

T JM AX= 110°C 



*lc = 5A, V C i = 2V 
(h« = 15 min @ l c = 25 A) 



50-100 



80-160 




45 V 



60 V 



60 V 



50-AMP Lowv CE(sa 



0.1 V 



Po= 170 W 
fr = 0.30 MC 

TjMAX = 110'C 

*l c = 20 A, V C1 = 2V 
(h« = 20 min @ l c = 50 A) 
**lc = 50A r I, = 5 A 



40-130 




15V 



60-AMP Also Available as HI-REL Types 



45 V 



Po = 170 W 
fr = 0.30 MC 

T JM AX= 110°C 



*lc = 15 A, Vce = 2 V 
(hf E = 12 min @ l c = 50 A) 



30-60 



50-100 



45 V 



6crv 



60 V 
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100-mA 
NPN 



SILICON POWER TRANSISTOR SELECTION CHARTS 

(For Safe Operating Area Curves, see pages 6-7 and 6-8) 

Indicated current ratings are recommended operating current ratings 
rather than absolute maximum values. 



TO-66 ' 
fr = 15 MHz 



250-mA 
NPN 



TO-66 

fr = 15 MHz 
Pd = 20 W 
Tj Max = 175°C 

*Vce = 10 V 



BVceo @ Ic = 5 mA 



5- Amp 
NPN 

& 

.61 n 



fr = 10 MHz 
Po = 115 W 
*Vce = 15V 



5-Amp 
PNP 



BVcto @ Ic = 100 m 



BVcto @ Ic =100 mA 



1-Amp 
NPN 



1-Amp 
PNP 



fr = 3»IHz 
Pd = 25 W 

i Max = 200T 
*Vct = 1 V 



BVceo @ Ic = 100 mA 



5-Amp 
NPN 



4 



©TO-3 



BVcto @ Ic = 100 mA 



2N3445® 
2N3487 



2N3447T 
2N3490 



2N3446® 
2N3488 



2N3448® 
2N3491 



3-Amp 
PNP 



5-Amp 
NPN 



fr = 4 MHz 
Pd = 150 W 
Tj Max = 200°C 



8-Amp 
NPN 



TO-3 J T 



hFE* @ Ic 

(Amps) 


BVcto © Ic = 100 mA 


40 V 


60 V 


15-60 


8.0 


MJ2801 


MJ2802 


20-70 


4.0 




2N3055 



II ratings and characteristics shown are at Tc = 25°C unless ol 
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Power Transistors 



NPN/PNP SILICON POWER TRANSISTOR 
SAFE OPERATING AREA CURVES 



Safe Operating Area Curves have proven a boon 
to the power transistor circuit designer. These 
curves not only define the lc vs. Vet limits under 
dc steady-state power, but also show the capability 
of a given transistor type under various pulse con- 
ditions. To insure reliable performance, both "safe 
area" and average "power-temperature" derating 
criteria must be observed under steady-state as well 
as pulse conditions. 

For power-temperature derating curves, see in- 
dividual data sheets in this section. 



All data for curves taken at 25°C 



2N3740, 2N3741 




10 20 30 40 50 60 
V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2N3738, 2N3739 




£ 0.6 



2N3766, 2N3767 



-X 



0 40 80 120 160 200 240 280 300 
V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



500 /xs ' 



10 20 30 40 50 60 70 80 
V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N3789, 2N3791 2N3790, 2N3792 




V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Power Transistors- 



HOW TO SELECT POWER TRANSISTORS FOR AUDIO AMPLIFIERS 

GIVEN: P Q - Desired Power Output 
R — Load Resistance 

L 

— Power Supply Voltage (nominal and maximum) 
FIND: Transistors with specifications that meet the requirements. 
PROCEDURE: 

1. CALCULATE PEAK OPERATING CURRENT, L,, . x 

C(pk) 

(a) For Class A, Single -Ended Transformer -Coupled Circuits: 

2 

= 2 V CC(max) , = V CC (nom.) 

A C(pk) RJ Wtiere K L 2 

L KJ 

(b) For Class B, Transformer -Coupled Circuits: 

V CC(max) , V CC(nom.) 

l C{ek) R^ W K L 2 P Q 



(c) For Class B, Transformerless Output Stage (Two Power Supplies): 

\ 

A C(pk) R T 



j _ CC(max) 



L 

(d) For Class B, Transformerless Output Stage (Single Power Supply): 

= V CC(max) 
C(pk) 2 R L 

2. DETERMINE TRANSISTOR VOLTAGE RATING 

BV^^ (or BV P „J ^ 2 V__, v except: 
CEO CES 7 CC(max) , ^ 

For Class B, Transformerless Circuit (Single Power Supply): 

BV CEC> r BV CES> S V CC(max) 

3. DETERMINE MAXIMUM POWER DISSIPATION 

(a) For Class A, Single -Ended Transformer -Coupled Circuits: 

P D(max) = V CC(max) PK 



2 

(b) For Class B, Transformer -Coupled Circuits: 
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V 2 

= CC(max) 

D(max) 2 _ f 

(c) For Transformerless Output Stages (Two Power Supplies): 

V 2 

_ _ CC(max) 

D ( maX > " , 2 R T 
Li 



(d) For Transformerless Output Stages (One Power Supply): 

V 2 
= CC(max) 

D(max) A 2 _ 

J_i 

4. DETERMINE MAXIMUM JUNCTION TEMPERATURE, Tj 
Given: Heat Sink with Specified 9^ ^ 

Junction temperature, power dissipation, thermal resistance and 
ambient temperature are related by the following equation: 

T J(max) = P D(max) ( Vc + A* + T A(max) 

where T w . = maximum junction temperature 
J(max) J 



9 = junction-to-case thermal resistance 
J u 

case -to -ambient thermal resistance (include heat 
sink and interface) 



C A 



T A , x = maximum ambient temperature 
A(max) 

-^D(max) nas been calculated and TA(max) is known. One of the three 
unknowns can be determined by affixing values to the other two with 
reference to data sheet or heat sink specifications. 

5. From preceding selector guides, select suitable transistors on the basis 
of I C ( p k)> Voltage Ratings, P D , Tj, and 0j c . 

6. Check appropriate Safe -Area curves to determine maximum operating 
conditions for the transistors selected. The dc and 5 millisecond curves 
are usually the limiting curves for audio amplifier applications. 

7. Refer to individual data sheets for dynamic transistor characteristics 
that will permit ultimate selection of desired transistor. 

*R T is the load which each transistor sees. 
J_i 

2 

For Transformer-Coupled Circuits, R 1 = (NVN ) R (Single-Ended 

n J_l 1 Z l_i 

Class A), R_ f = (N/N.) R T / 4 (push-pull Class B). 
J_i 1 z J_i 
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Power Transistors' 



HOW TO SELECT POWER TRANSISTORS 
FOR INVERTER APPLICATIONS 

GIVEN: P Q - Desired Power Output 
f — Inverter Frequency 
V cc - Supply Voltage 

FIND: Transistors with specifications that meet the requirements. 

PROCEDURE: 

1. CALCULATE OPERATING CURRENT, I . (Assume conversion effi- 
ciency (ti ) of 80%. ) L2gp L1 

2. DETERMINE TRANSISTOR BREAKDOWN VOLTAGE 

BV CES < 0rBV CEO>= 2 - 5V CC 

3. SELECT TRANSISTORS WITH REQUIRED CURRENT 
AND VOLTAGE RATINGS 

(From previous selector guides. ) 

(a) For f > 3 kHz, select devices with f T > 1 MHz; 

For f > 10 kHz, select devices with f^ > 4 MHz. 

NOTE: Germanium transistors are generally advantageous in 
applications requiring low Vcc- Silicon devices are 
preferred for applications requiring high case temperature. 

4. From preliminary choices, select on the basis of other characteristics, 
as provided in the complete data sheets. 

(a) Safe Operating Area curve (25 //sec) should include the conditions 
I = I , and v„ = 2. 5 V^^ (inductive load line assumed). 

C L/l UJcj L/C 

(b) As a relative Figure of Merit, the following expression can be used: 

F 'O 

m 8 V , ,v 

2 l CEX V CC + J C V CE(sat) + hi ( + 2 " 5 V CC + V f 
v ' FE(mm) 

The device characteristics used in the expression are normally 
given in the data sheet specifications. 
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Power Transistors 

ADDITIONS AND MODIFICATIONS 
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Power Transistors 

2N 173 (GERMANIUM) 



For Specifications, See 2N277 Data Sheet 



2N 174 (GERMANIUM) f 0 ", 1 /^ 

2N 174 JAN V -80 100V 

2N 1 ! 00 CB0 ~~* 

2N1358 

2N1358 JAN/USA 




CASE 5 

(TO-36) 



PNP germanium power transistors. Power dissipa- 
tion and junction temperature ratings exceed those of 
EIA registration. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N174 


2N1100 


2N1358 


Unit 


Collector -Base Voltage 


BV CBO 


80 


100 


80 


Vdc 


Emitter-Base Voltage 


BV EBO 


60 


80 


60 


Vdc 


Emitter Current (Continuous) 


l E 


15 


15 


15 


Amps 


Base Current (Continuous) 


! B 


4 


4 


4 


Amps 


Junction and Storage Temperature 


T J' T stg 


-65 to +110 


°C 


Thermal Resistance, Junction to Case 


*JC 


0.5 


°C/W 
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Power Transistors 

2N174, 2N1 100, 2N1358 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector -Base Cutoff Current 
(V CB = -2 volts) 


2N174 

2N1100 

2N1358 


^BO 




100 
100 
100 


200 




Collector -Base Cutoff Current 

fV — - 1 R unite; V - -fin vnltcA 

EB CB -100 
-80 


2N174 

2N1100 

2N1358 


'CB 


- 


2 
2 
2 


8 
8 
8 


mA 


Emitter-Base Cutoff Current 
(V FR = -60 volts) 
EB -80 
-60 


2N174 

2N1100 

2N1358 


^BO 


- 


1 
1 
1 


8 
8 
8 


mA 


Collector -Base Cutoff Current 
(V pn = - 80 volts, 71 °C) 
CB -100 
- 60 


2N174 

2N1100 

2N1358 


^BO 


- 


4 


15 
15 
6 


mA 


Emitter-Base Cutoff Current 
(V EB = -30 volts, 71 °C) 


2N1358 


r EBO 




4 


6 


mA 


Collector -Emitter Voltage 
(I c = 300 mA, V EB = 0) 


2N174 

2N1100 

2N1358 


BV * 

KV CES 


-70 
-80 
-70 


- 


- 


Vdc 


Collector -Emitter Voltage 
(IC = 1.0 amp, Is = 0) 
1.0 amp, Ib = 0 
300 mA, I B = 0 


2N174 

2N1100 

2N1358 


BV * 
CV CEO 


-55 
-65 
-40 


- 




Vdc 


Floating Potential 

(I E = 0, Vcb = ~ 80 volts) 
-100 
- 80 


2N174 

2N1100 

2N1358 


V 

FE 




0. 15 


1.0 
1. 0 
1.0 


volt 


Current Gain 

(IC = 1. 2 amps, VCB = -2 volts) 
(IC = 5 amps, Vcb = ~ 2 volts) 

(IC = 12 amps, Vcb = " 2 volts) 


2N1358 

2N174 

2N1100 

2N1358 

2N174 

2N1100 


h FE 


40 
25 
25 
25 


55 

35 
20 
20 


80 
50 
50 


- 


Base-Emitter Voltage 

(IC = 1.2 amps, Vcb = -2 volts) 
(Ic = 5 amps, Vcb = ~2 volts) 


2N1358 
2N174 
2N1100 
2N1358 


V BE 


- 


0.35 
0.65 
0.65 
0. 65 


0. 5 
0.9 
0.9 
0. 9 


Vdc 


Saturation Voltage 

(Ic = 12 amps, Ib = 2 amps) 


2N174 

2N1100 

2N1358 


V CE(sat) 


_ 


0.3 
0.3 


0.9 
0 7 
0. 7 


Vdc 


Common-Emitter Current Amplification 
Cutoff Frequency 

(IC = 5 amp, V C e = 6 volts) 


2N174 
2N1100 


{ ae 




10 




kc 


Common -Base Current Amplification 
Cutoff Frequency 

(Ic = 1 amp, Vcb = - 12 volts) 


2N1358 


£ ab 


100 






kc 


Rise Time ("on" Ic = 12 Adc, 
IB = 2 Adc, VcE = -12 volts) 


All Types 






15 




jisec 


Fall Time ("off" Ic = 0, 

V EB = _6 volts, R EB = 10 ohms) 


All Types 


'f 




15 




jusec 



* In order to avoid excessive heating of the collector junction, perform test by the sweep method. 
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- Power Transistors - 



2N174, 2N1 100, 2N1358 (continued) 



CURRENT TRANSFER CHARACTERISTICS 



TRANSCONDUCTANCE CHARACTERISTICS 





l,„ BASE CURRENT (AMPERES) 



0.4 0.6 0.8 

V,,,., BASE VOLTAGE (VOLTS) 



POWER-TEMPERATURE DERATING CURVE 




T c> Case Temperati 



The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 150 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C with a linear relation 
between the two temperatures such that: 

ii u. r, ll0 °- T c 
allowable P n = — 



2N174 AND 1358 



2N1100 



§ 3 




TO 80 V, 8 mA 

(2N174, 2N1099 ONLY) _ 

WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) - 

I I II I 



10 20 30 40 50 



70 80 90 100 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vcb limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 




10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these ^afe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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2N 176 (GERMANIUM) 
2N669 



Power Transistors 



P D = 90W 
l c = 3 A 
V CBO = 40V 




PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
amplifier applications. 



CASE 1 1 

(TO-3) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CBO 


40 


Vdc 


Collector-Emitter Voltage 


V CES 


30 


Vdc 


Collector Current (Continuous) 




3 


Amps 


Storage and Junction Temperature 




-65 to +100 


°C 


Collector Dissipation 

(At 25°C Case Temperature) 


p c 


90 


Watts 


Thermal Resistance 
(Junction to Case) 




0.8 


°C/W 



2HG69.2N176 SAFE OPERATING AREAS 



The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Tj r the power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 




0 10 20 30 40 50 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Power Transistors 

2N176, 2N669 (continued) 



ELECTRICAL CHARACTERISTICS(Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector- Base Cutoff Current 
V CB = 30 V, I E = 0 
V CB = 2.0V, I E =0 
V CB = 30 V, I E =0, T c = 90°C 


Both Types 


J CBO 


- 


50 


3 
20 


mA 
MA 
mA 


Emitter- Base Cutoff Current 
v EB = 10 v, i c = 0 


Both Types 


r EBO 


- 


- 1 


2 


mA 


Collector-Emitter Breakdown Voltage 
I c = 330 mA, R BE = 10 Ohms 


2N176 
2N669 


BV CER 
BV CES 


30 




- 


Vdc 


Collector-Emitter Saturation Voltage 
Iq = 3 A, I B = 300 mA 


Both Types 


V CE(SAT) 


- 


0.4 


— 


Vdc 


DC Forward Current Transfer Ratio 
V CE = 2.0 V, I c = 0.5 A 


2N176 
2N669 


h FE 


25 
75 


— 


250 




Power Gain 

P 0 = 2 Watts, V CE = 12 V, I c = 0.5 Amp, 
1 = 1 kc, Kg — iu unms, rt^ - £O.D unms 


2N669 


G PE 


34 
38 





37 


dc 


Total Harmonic Distortion 

(under same conditions of power gain) 


Both Types 










% 


Small-Signal Current Gain Cutoff Frequency 
V CE = 12 V, I c = 0.5 Amp, f = 1 kc ref 


2N176 
2N669 


f ae 


4 
3 


7 

5 




kc 


Small-Signal Forward- Current Transfer Ratio 
V CE = 2.0 V, I c = 0.5 Amp, £ = 1 kc 


2N176 
2N669 


h FE 




45 
90 






Small- Signal Input Impedance 

V CE = 2. 0 V, I c = 0.5 Amp, f = 1 kc 


2N176 
2N669 


h FE 


7 

10 




25 
50 


Ohms 
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■ Power Transistors - 



2N 1 78 (GERMANIUM) 
2N554 



2N555 



p D = 40W 
l c = 3A 
V CB0 = 15-30 V 




CASE 1 1 

(TO-3) 

MAXIMUM RATINGS 



PNP germanium power transistor for non-critical 
power amplifier and power switching applications re- 
quiring economical components. 



Characteristic 


Symbol 


2N178 


2N554 


2N555 


Unit 


Collector-Base Voltage 


V CBO 


30 


15 


30 


Vdc 


Collector-Emitter Voltage 


v 

CER 


30 


16 


30 


Vdc 


Emitter-Base Voltage 


V EBO 


20 


15 


15 


Vdc 


Collector Current 


x c 


3 


3 


3 


Amps 


Junction and Storage Temperature Range 


T J T «tfe 


-40 to +90 


°c 


Collector Power Dissipation (at T c = 80° C) 




10 


10 


10 


Watts 



POWER-TEMPERATURE DERATING CURVE 

(All Types) 











































































































































































































0 2 


0 4 


0 ( 


0 8 


0 10 



2N178, 2N555 



SAFE OPERATING AREAS 




T r , CASE TEMPERATURE (°C) 
2N554 




0 10 20 30 40 50 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



0 10 20 30 40 50 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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■Power Transistors - 



2N178, 2N554, 2N555 (continued) 
ELECTRICAL CHARACTERISTICS (Tc: 



: 25°C unless otherwise noted) 



Characteristic 


Symbol 


Win 


Typical 


Max 


Unit 


Collector- Base Cutoff Current 

(V CB = 30 V, I E = 0) 2N178 

(V CB = 15 V, I E = 0) 2N554 

(V CB = 30 V, I E = 0) 2N555 


X CBO 


_ 

- 


_ 
- 


3. 0 
10. 0 
20. 0 


mA 


Collector-Base Cutoff Current 

(V CB = 2 V, I E = 0) 2N178 


^BO 




50 






Emitter-Base Cutoff Current 

(V EB = 10 V, I c = 0) 2N178 


! EBO 






2. 0 


mA 


Collector-Base Cutoff Current 
(V CB = 30V, I E =0, 

T c = 90°C) 2N178 


X CBO 


- 


- 


20. 0 


mA 


Collector- Emitter Breakdown Voltage 

(U = 330 mA, Rbe= 10 0) 2N178 
c 2N554 

2N555 


BV CER 


30 
16 
30 


- 


- 


Vdc 


Power Gain 

(P =2 Watts; V„„ = 12 V, I„ = 0. 5 A, 2N178 

O UEj O 

f = 1 kc, R = 10 Ohms, R T = 26. 6 Ohms) 2N554 
s ^ 2N555 


G e 


28 

20 
25 


30 

35 
35 


33 


db 


Total Harmonic Distortion 

(under same conditions as power gain) 2N178 








5 


% 


DC Forward Current Transfer Ratio 

(V nTr = 2 V, I r = 0. 5 A) 2N178 
L£i C 2N554 

2N555 


h FE 


15 


50 
50 


45 




Small-Signal Current Gain Cutoff Frequency 

(V C£ = 12 V, I c = 0. 5 A, 2N178 

f =; 1 kc rei) 2N554 

2N555 


f ae 


5 


6 
6 




kc 


Small-Signal Forward Current Transfer-Ratio 
(Base Input) 

V CE = 2 V ' l C = °' 5 A ' 2N178 
f = 1 kc ref) 2N554 

ZIN 333 


h fe 


- 


50 

55 
55 




_ 


Small-Signal Input Impedance (Base Input) 

(V CE = 2 V, I c = 0. 5 A, 2N178 

f = lkc) 2N554 

2N555 


h. 
le 


8 


25 
25 
25 




Ohms 


Collector- Emitter Saturation Voltage 

(I_ = 3 A, I_ = 300 mA) All Types 


V CE(sat) 




0. 6 




Vdc 



COLLECTOR CHARACTERISTICS 



INPUT CURRENT versus INPUT DRIVE VOLTAGE 







11 


0 


■" 1 1 
-9(H 






































70 
















































































50 
















































































40 








































30 
















































































20 






































2n 


A- 

























































































































































240 




220 




200 








180 








160 








140 


z 


120 






=5 


100 


O 






80 






z 


60 








40 




20 




0 



















































1 VOL 


TS 
























/ 







































































































































































10 20 30 

V,. K , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V EB , INPUT DRIVE VOLTAGE (VOLTS) 
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Power Transistors 



2N242 (GERMANIUM) P D = 90 W 

l c = 5 A 

2N307, A Vcbo = 35-45 V 



PNP germanium power transistors for general pur- 
CASE || ^^j TTT" — v pose power amplifier and switching applications. 

(TO-3) 




MAXIMUM RATINGS 



Characteristic 


Symbol 


2N242 


2N307, 307A 


Unit 


Collector -Base Voltage 


V CBO 


45 


35 


Volts 


Collector -Emitter Voltage (Rgg = 30 fi) 


v 

V CER 


-45 




Volts 


Collector -Emitter Voltage 


V CEO 




35 


Volts 


Emitter -Base Voltage 


V EBO 




10 


Volts 


Collector Current 


l C 


5 


5 


Amps 


Junction Temperature Range 


T J 


-65 to + 110 


-65 to +110 


°C 


Collector Dissipation (at T c = 25°C) 


P D 


106 


106 


Watts 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Base Cutoff Current 
(V C B = -2 Vdc) 
(V CB = -25 Vdc) 

(V CB = -1 Vdc, I E = 0,T C = 85°C) 


2N307 
2N307 
2N3C7A 
2N242 


^BO 




0.5 
5 
2 
5 


mAdc 


Emitter- Base Cutoff Current 
(V EB = -10 Vdc) 


All Types 


^BO 




2 


mAdc 


Collector -Emitter Cutoff Current 
(V CE = -45 Vdc, R BE =30S2) 
(Vce = "25 Vdc, R BE = 30 & ) 
(Vce = -35 Vdc, R BE =30fi) 


2N242 
2N242 
2N307 
2N307A 


! CER 




5 
1 
15 
7 


mAdc 


Base -Emitter Voltage 

(Vce = -1.5 Vdc, I c = 1.0Adc) 


2N242 


V BE 


-0.3 


-0.8 


Vdc 


Collector- Emitter Saturation Voltage 
(I C = 2. 0 Adc, I B = 200 mAdc) 
(IC = 0. 2 Adc, Ib = 20 mAdc) 
(IC =1.0 Adc, Ib = 100 mAdc) 


2N242 
2N307 
2N307A 


v CE(sat) 




-0.8 
-1.0 
-0.8 


Vdc 


DC Current Gain 

(Vce = " 12 Vdc, I c = 500 mAdc) 
(V C E = -1 Vdc, Ic = 200 mAdc) 


2N242 
2N307 
2N307A 


h FE 


30 
20 
30 


120 




Common Emitter Cutoff Frequency 
(V CE = -12 V, I C = 0.5 A) 

(V C E = " 6V , I C = 1A) 


2N242 

2N307A 

2N307 


f ae 


5 

3.5 
3 




kc 


Power Gain 

(I C = 0.5 A, V C E = -14V,R L = 30 n, 
R g =10fi) 


2N242 


G e 


30 




db 
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Power Transistors 



2N277(GERMANIUM) 

2n278 

2N173 
2N1099 



CASE 5 

(TO-36) 



P D = 170 W 

l E = 15A 
Vcbo = 40-80V 




PNP germanium power transistors for general pur- 
pose power amplifier and switching applications. Pow- 
er and temperature ratings exceed EIA registration. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N277 


2N278 


2N173 


2N1099 


Unit 


Collector -Base Voltage 


V CB 


40 


50 


60 


80 


Vdc 


Emitter -Base Voltage 


v 

EB 


20 


30 


40 


40 


Vdc 


Emitter Current -Continuous 


l E 


15 


Adc 


Base Current 


*B 


4 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


170 

2 


Watts 
W/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +110 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


*JC 


0.5 


°C/W 



2N173 



SAFE OPERATING AREAS 
2N1099 2N277 




C011ECTOR-£MITTER VOLTAGE (VOLTS) 



70 0 10 20 30 40 50 60 70 80 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2N278 



5mse 




500 ^se 






\* 






100 # sec 
v OR LESS 






>^ 


\ 




170-W 
— POWER 
25°CC 


/ 

0ISSIPATI0 
ASE TEMPE 


(AT 








| ( 








TO 50V, 8 riA 

WITH BACK BIAS A 

(PULSE CURVES Or 

1 


PPLIE0 — 
LY) — 





COLLECTOR-EMITTER VOLTAGE (VOLTS) 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



6-21 



Power Transistors 

2N277, 2N278, 2N173, 2N1099 (continued) 



ELECTRICAL CHARACTERISTICS (At 25*C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector-Base Cutoff Current 
V CBO = " 2 V 


All Types 


X CBO 




100 




HA 


Collector-Base Cutoff Current 
V EB = -1.5 V, V CB = -40 V 
-50 
-60 
—80 


2N277 
2N278 
2N173 
2N1099 


*CB 


— 


2 
2 
2 
2 


8 
8 
8 
8 


mA 


Emitter-Base Cutoff Current 

V EBO = i0 V 
-30 
-40 
-40 


2N277 
2N278 
2N173 
2N1099 


*EBO 


- 


1 
1 
1 
1 


8 
8 
8 
8 


mA 


Collector-Base Cutoff Current 

V CBO = ~ 40 V ' 71 ° C 
-50 

-60 

—80 


2N277 
2N278 
2N173 
2N1099 


*CBO 


- 


- 


15 
15 
15 
15 


mA 


Collector -Emitter Voltage 
I c = 300 mA, V EB = 0 


2N277 
2N278 
2N173 
2N1099 


CES 


-40 
-45 
-50 
-70 


- 


— 


Vdc 


Collector- Emitter Voltage 
Iq = 1 Amp, Ig = 0 


2N277 
2N278 
2N173 
2N1099 


CEO 


-25 
-30 
-45 
-55 


- 


- 


Vdc 


Floating Potential 

I E=°» V CB = - 40V 
-50 

-60 

-80 


2N277 
2N278 
2N173 
2N1099 


V fl 


— 


0.15 
0.15 
0.15 
0.15 


1.0 
1.0 
1.0 
1.0 


volt 


Current Gain 

Iq = 5 Amps, Vq B = —2 V 
I c = 12 Amps, V CB = -2 V 


All Types 


h FE 


35 


25 


70 




Base- Emitter Voltage 

Iq = 5 Amps, V CB = -2 V 


2N277 
2N278 
2N173 
2N1099 


Vrf 


— 


0.65 
0.65 
0.65 
0.65 


0.9 


Vdc 


Saturation Voltage 

T_ — 19 Amrw Ti-. — 9 Amn<; 


2N277 
2N278 
2N173 
2N1099 


V CE(SAT) 


- 


0.3 
0.3 
0.3 
0.3 


1.0 
1.0 
0.7 


Vdc 


Common- Emitter Current Amplification 
Cutoff Frequency 
Iq = 5 Amps, V CE = -6 V 


All Types 


f 

ae 




10 




kc 


Rise Time 

"on" Iq = 12 Adc, 

I B =2 Adc, V CE = -12 V 


All Types 


*r 




15 




/xsec 


Fall. Time 

"off" I c = 0, 

V EB = ~ 6 V ' R EB = 10 0hms 






15 




/isec 



* To avoid excessive heating of the collector junction, perform these tests with the sweep method. 



6-22 



Power Transistors 

2N277, 2N278, 2N173, 2N 1099 (continued) 



POWER-TEMPERATURE DERATING CURVE 



INPUT CHARACTERISTICS 




The maximum continuous 
power is related to maxi- 
mum junction temperature 
by the thermal resistance 
factor. 

This curve has a value of 
150 Watts at case tempera- 
tures of 25°C and is 0 Watts 
at 110°C with a linear rela- 
tion between the two tem- 
peratures such that : 



allowable Pd = 



110° - Tc 
0.5 







































































































































80 


C ^ 
















2 

40 C C 

























































































0.2 0.4 0.6 0.8 1.0 

V BE . BASE-EMITTER VOLTAGE (VOLTS) 
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-Power Transistors 



OQT P D = 85W 

2NZV7 A (GERMANIUM) l E = 5 A 

2N297A USA/JAN Y CBO = 60V 



PNP germanium power transistors for military and 
industrial power switching and amplifier applications. 
CASE 11 (I Operating temperature range and collector dissipation 

( T °- 3 ) rating exceeds military specifications. 




MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V CBO 


60 


Vdc 


Collector-Emitter Voltage 


V CEB 


50 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


40 


Vdc 


Emitter-Base Voltage 


v 

V EBO 


40 


Vdc 


Emitter Current 


r E 


5 


Amps 


Operating Temperature Range 


T J 


-65 to +110 


°C 


Collector Dissipation at 25° C 
Case Temperature 
(0 JC = 1 °C/W max) 


P D 


85 


Watts 



POWER-TEMPERATURE DERATING CURVE 





100 110 



T r , Case Temperature ( C) 
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Power Transistors 



2N297 A (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


DC Current Transfer Ratio 
V CE = 2 V 
I c = 0.5 Adc 


h FE 


40 


100 




DC Current Transfer Ratio 
V CE = 2 V 
I c = 2.0 Adc 


h FE 


20 






Small-Signal Current Transfer Ratio 
Cutoff Frequency 

V CE = 14 Vdc 
Iq = 0.5 Amp, 


f ae 


5 




kc 


Emitter -Base Cutoff Current 
V EB = 40 Vdc 
I c = 0 


^BO 


— 


3.0 


mAdc 


Collector- Base Cutoff Current 
V CB = 2 Vdc 
I E = 0 


*CBO 


— 


200 


jiAdc 


Collector- Base Cutoff Current 
V CB = 60 Vdc 
I E = 0 


^BO 


— 


3.0 


mAdc 


Base Current 

V CE = 2 Vdc 
I c = 0. 5 Adc 


l B 


5.0 


12.5 


mAdc 


Base Current 

V CE = 2 Vdc 
I c = 2 Adc 


l B 




100 


mAdc 


Emitter- Base Voltage 
V CE = 2 Vdc 
I C = 2 Adc 


V EB 




1. 5 


Vdc 


Floating Potential 

V CB = 60 Vdc 

(Voltmeter input resistance 
= 10 Megohm min) 


V fl 


0.0 


0. 18 


Vdc 


Collector-Emitter Saturation Voltage 
I c = 2 Adc 
Ig = 200 mAdc 


V CE(SAT) 


0.0 


1.0 


Vdc 


Collector-Emitter Voltage 
I c = 300 mAdc 
I B = 0 


BV CEO 


40 


— 


Vdc 


Collector -Emitter Voltage 
IC = 300 mAdc 
V EB ~ 0 


BV CES 


50 




Vdc 


Small-Signal Short-Circuit Forward- Current 
Transfer Ratio Cutoff Frequency 

V CE = 14 Vdc 
I c = 0.5 Adc 


f ae 


5 


- 


kc 


High- Temperature Operation 

T c = +71°C min 
Collector Cutoff Current 
V CB = 30 Vdc 
I E = 0 


^BO 




6.0 


mAdc 
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Power Transistors 



2N307 (GERMANIUM) 

2N307 A For Specifications, See 2N242 Datasheet 



2N350A (GERMANIUM) 
2N351A 

2N376A 

PNP germanium power transistors for economical 
power switching applications and for power amplifiers 
requiring up to 4 watts of output power at relatively 
low distortion. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

CBO 


50 


Vdc 


Collector- Emitter Voltage 


V CES 


40 


Vdc 


Collector Dissipation 

at 25°C mounting base temperature 


P D 


90 


Watts 


Collector Junction Temperature 


T i 


-65 to +100 


°C 


Thermal Resistance 
(Junction to Case) 


9 JC 


0.8 


°C/W 



P D = 90W 
| c = 3-5 A 
V CB o = 50V 



CASE 1 1 

(TO-3) 




CURRENT GAIN versus 
COLLECTOR CURRENT (COMMON EMITTER) 
ioo 



SAFE OPERATING AREAS 













-v 


^^2N376A 










2N35I 


A 




\ 














V CE = 2 VOLTS 






V- 
















2N3 


50 A 





























a 0.5 













2N376A 










2N351A 








OR less 


2N350A 












r 


X 






- 90-WATT 
~ POWER D 
-25°C CAS 


SSI PAT ION \ 






E TEMPERA 


URE 31 






















H 



































I 2 3 4 ! 

COLLECTOR CURRENT (AMPERES) 



POWER TEMPERATURE 
DERATING CURVE 



COLLECTOR-CMITTER VOLTAGE (VOLTS) 



0 20 40 60 80 100 
MOUNTING BASE TEMPERATURE (°C) 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Power Transistors 

2N350A, 2N351 A, 2N376A (continued) 



ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C ± 3°C.) 



GENERAL 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector Cutoff Current 
V CB = 30 V 

v CB = 2 V 

V CB = 30 V, T = 100°C 


^BO 




50 


3.0 
30 


mA 
M A 
mA 


Emitter Cutoff Current 
v EB = 10 V 


: EBO 






2.0 


mA 


Collector Breakdown Voltage 
I c = 1 A (Rue = 10 fi) 

ic = 330 mA, Rbe = 0 
(This test should be made 
under dynamic conditions only) 


BV CES 


40 






Vdc 



ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C ± 3°C.) 



COMMON EMITTER 




2N350A 


2N351A 


2N376A 


Unit 




Sym 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 




Power Gain (±0.5 db) 

P Q = 4 Watts, V CE = 12 V, 
I c = 0.7 A, f = 1 kc 


G pE 


30 




33 


32 




35 


34 




37 


db 


Total Harmonic Distortion 

under same conditions as power gain 








7% 






7% 






7% 




DC Forward Current Gain 
V CE = 2 V, I c = 0.7 A 


h FE 


20 




60 


25 




90 


35 




120 




Current Gain Frequency Cutoff 

V CE = 12 V ' *C = °' 7 A ' 
f = 1 kc ref 


f ae 


5 






5 






5 






kc 


Small-Signal Forward Current Gain 
f =-1 kc, V CE = 2 V, I c = 0.7 A 


h fe 




30 






45 






60 






Small- Signal Input Impedance 
f = 1 kc, V CE = 2 V, I c = 0.7 A 


Ne 


5 




17 


6 




20 


7 




25 


Ohms 


Collector Saturation Voltage 
I c = 3 A, I B = 300 mA 


V CE(SAT) 




0.8 


1.75 














Vdc 


Base- Emitter Voltage 
I c = 3 A, I B = 300 mA 


V BE 




1.0 


2.00 














Vdc 


Collector Saturation Voltage 
I c = 4 A, I B = 400 mA 


V CE(SAT) 










0.8 


1.75 








Vdc 


Base- Emitter Voltage 
I c = 4 A, I B = 400 mA 


V BE 










1.0 


2.00 








Vdc 


Collector Saturation Voltage 
I c = 5 A, I B = 500 mA 


V CE(SAT) 
















0.8 


1.75 


Vdc 


Base- Emitter Voltage 
I c = 5 A, I B = 500 mA 


V BE 
















1.0 


2.00 


Vdc 
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Power Transistors 



2N350A, 2N351A, 2N376A (continued) 




2n375 (GERMANIUM) 

2N618 
2N1359 
2N1360 

2N1362 thru 2N1365 

PNP germanium power transistors for general pur- 
pose switching and amplifier applications. 



Characteristic 


Symbol 


2N1359 
2N1360 


2N375 
2N618 


2N1362 
2N1363 


2N1364 
2N1365 


Unit 


Collector -Emitter Voltage 


V CES 


40 


60 


75 


100 


Vdc 


Collector -Base Voltage 


v 

V CB 


50 


80 


100 


120 


Vdc 


Emitter -Base Voltage 


V EB 


25 


40 


50 


60 


Vdc 


Collector Current-Continuous 
Peak 


r c 


3 

10 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


106 
1.25 


Watts 
W/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +110 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


°JC 


0.8 


°c/w 
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P D = 106W 
lc = 3A 

V CB o = 50-1 20 V 




(TO-3) 

MAXIMUM RATINGS 



Power Transistor s 



2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued) 

ELECTRICAL CHARACTERISTICS (At= 25°C unless otherwise noted) 



Characteristic 


Types 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector- Base Cutoff Current 
(V = 40 V, I = 0) 

< V CB " su v ' l E ~ U) 


2N1359, 2N1360 


^BO 


— 


— 


3.0 
20. 0 


mA 


(V CB = 60 V, IE = 0) 
(V CB = 80 V, Ie = 0) 


2N375, 2N618 




-- 




3.0 
20.0 




(V CB = 75 V, I E = 0) 

(v CB = ioo v, ie = o) 


2N1362, 2N1363 




-- 




3.0 
20.0 




(V CB = 100 V, I E = Q) 
(V C B = 120 V, I E = 0) 


2N1364, 2N1365 




- 


-- 


3.0 
20.0 




Collector-Base Cutoff Current 

at Tc = +90 °C 

V CB = 1/2 BV CES rating 


All Types 


^BO 






20 


mA 


Emitter -Base Cutoff Current 
(V EB = 12 V, Ic = 0) 


All Types 


J EBO 


-- 


-- 


0.5 


mA 


(V EB = 25 V, I C = 0) 
(V EB = 50 V, I C = 0) 
(V E B = 60 V, I c = 0) 


2N1359, 2N1360 
2N1362, 2N1363 
2N1364, 2N1365 








20 
20 
20 




Collector -Emitter Breakdown 
Voltage 

I~ = 500 mA, Vrn = 0) 


2N1359, 2N1360 
2N375, '2N618 
2N1362, 2N1363 
2N1364, 2N1365 


BV 

DV CES 


40 
60 
75 
100 






Vdc 


DC Current Transfer Ratio 

(V/^tt. - 4 V I - 1 OA^ 
v CE ~ ^ *> l q ~ x ' 

(V CE = 4V,I C = 1.0A) 


2N1359 375 1362 64 
2N1360^ 618^ 1363' 65 
2N1359, 375, 1362, 64 
2N1360, 618, 1363, 65 


h FE 


35 
60 
15 
20 


55 
90 
22 
35 


90 
140 




Transconductance 

(V CE = 4 V, I c = 1.0A) 


2N375 
2N618 

2N1359, 2N1362, 2N1364 
2N1360, 2N13G3, 2N1365 


£fe 


0.8 
1.0 
0.8 
1.0 


1. 25 
1.6 
1.25 
1.6 


2.2 
2.5 


mhos 


Frequency Cutoff 
(V C E = 4 V, I c = 1 A) 
(V CE = 4 V, I c = 1 A) 
(V CE = 4 V, I c = 3 A) 
(V CE = 4 V, I C = 3 A) 


2N375 
2N618 

2N1359, 2N1362, 2N1364 
2N1360, 2N1363, 2N1365 


f 

ae 


7 
5 
7 
5 


10 

8. 5 
10 

8.5 




kc 


Collector Saturation Voltage 
(I c = 2.0 A, Ic = 200mA) 


2N1359, 375, 1362, 64 
2N1360, 618, 1363, 65 


v CE(sat) 




0.4 
0.3 


1.0 
0.8 


Vdc 


Base -Emitter Drive Voltage 
(I c = 2. OA, I B = 200 mA) 


2N1359, 375, 1362, 64 
2N1360, 618, 1363, 65 


V BE 




0. 7 
0.6 




Vdc 


Collector-Emitter Punch- 
Through Voltage 
(V CB = 50 V, I C = 0) 
(V CB = 100 V, I c = 0) 
(V CB = 120 V, I c = 0) 


2N1359, 2N1360 
2N1362, 2N1363 
2N1364, 2N1365 


V 

EBF 






1. 25 
1. 25 
1. 25 


Vdc 
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Power Transistors 



2N375 (continued) 



POWER-TEMPERATURE DERATING CURVE 




The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
. tor. Ford. c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pr) = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 

P D allowable = 110° - Tc 
.08 



T r> Case Temperature (°C) 



BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 



CURRENT GAIN versus COLLECTOR CURRENT 



> 1.25 



V 


■ E = 2V 


2N1359 V | 
2N375 { 












2 
2 


N136Z 
N1364 J 


















'2N1360 
2N618 
2N1363 
2N1365 












n 

































100 
80 















= 2V 








( 2N13( 
tj 2N61 
j 2N13( 
2N13 


50 
3 












>3 
35 




















2N13 

2N37 

2N13 
2N13 














■«r 

64 














-/ 













1 1.5 2 2.5 
I CI COLLECTOR CURRENT (AMPS) 
2N1362, 2N1363 



3.5 



0 0.5 1 1.5 2 2.5 
l c , COLLECTOR CURRENT (AMPS) 

SAFE OPERATING AREAS 2N375, 2N618 

20 




10 20 30 40 50 60 70 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 
(Duty cycle of the excursions make no significant 
change in these safe areas. ) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Power Transistors 



2N376A (GERMANIUM) 

For Specifications, See 2N350A Data Sheet 



2n378 thru 2N380 (GERMANIUM) 
2N459,A 




Pd = 106W 

lc = 5 A 

V CB o = tol05V 



CASE 1 1 

(TO-3) 

MAXIMUM RATINGS 



PNP germanium power transistors for general pur- 
pose power amplifier and switching applications. 



Characteristic 


Symbol 


2N378 


2N379 


2N380 


2N459 


2N459A 


Unit 


Collector -Base Voltage 


v CBO 










105 


Volts 


Collector- Emitter Voltage 
(V BE = 1.5 V) 
(V BE = 1.0 V) 


V CEX 


40 


80 


60 


105 


105 


Volts 


Collector -Emitter Voltage (R B e = 0) 


V CES 








70 


70 


Volts 


Collector- Emitter Voltage 


V CEO 


20 


40 


30 


60 


60 


Volts 


Emitter -Base Voltage 


v EBO 








10 


25 


Volts 


Collector Current 


l C 


5 


5 


5 


5 


5 


Amps 


Junction Temperature Range 


Tj 






65 TO +110 






°C 










Collector Dissipation (at T c = 25°C) 


P D 


106 


106 


106 


106 


106 


Watts 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Base Cutoff Current 

(V CB = -25 Vdc) All Types 
(Vcb = "25 Vdc, T c = 85°C) All Types 


! CBO 




0. 5 
7. 5 


mAdc 


Emitter -Base Cutoff Current 

(V EB = -10 Vdc) 2N380 

2N459 

(V EB - -25 Vdc) 2N459A 


*EBO 




1. 5 

2 
2 


mAdc 


Collector Cutoff Current 

(Vce = " 40 y dc, V BE = 1.5 Vdc) 2N378 
( V CE = -80 Vdc, V B e = 1-5 Vdc) 2N379 
(V CE = -60 Vdc, V BE = 1.5 Vdc) 2N380 
( V CE = -105 Vdc, Vbe = 1-5 Vdc) 2N459 
(Vce = -105 Vdc, Vbe = 1-OVdc) 2N459A 


l CEX 




10 
10 
10 
10 
10 


mAdc 


Collector -Emitter Breakdown Voltage 

(lC = 100 mAdc) 2N378 

2N379 
2N380 

2N459, 2N459A 


BV CEO 


20 
40 
30 
60 




Vdc 


Base -Emitter Voltage 

(lC = 2Adc, V C e = -2 Vdc) 2N378 

2N379 ,2N459, 2N459A 
2N380 


v B e 




-1.6 
-1.3 
-1.0 


Vdc 
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Power Transistors 

2N378, thru 2N380 2N459, 2N459 A 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector- Emitter Saturation Voltage 
(I C = 2 Adc, I B = 0.2Adc) 


2N378-2N380.2N459 
2N459A 


v CE(sat) 


- 


1.0 
0.3 


Vdc 


DC Current Gain 

(I c = 2 Adc, V CE =2 Vdc) 

(I c = 5 Adc, V CE = -2 Vdc) 


2N378 

2N379, 2N459 
2N380 
2N459A 
2N459A 


n FE 


40 
20 
30 
40 
20 


80 
70 
70 
70 




Common Emitter Cutoff Frequency 
(I c = 1 A, V CE = -2 V) 
(IC = 2 A, V C E = "2 V) 


2N378-2N380.2N459 
2N459A 


f ae 


5 
5 




kc 



2N44] (GERMANIUM) 

2n442 
2n443 




CASE 5 

(TO-36) 



MAXIMUM RATINGS 



Pd = 150 W 
l E =15A 
V CBO = 40-60 V 

PNP germanium power transistors for power switch- 
ing and amplifier applications. Power and temperature 
ratings exceed EIA registration. 



Characteristic 


Symbol 


2N441 


2N442 


2N443 


Unit 


Collector- Base Voltage 


V CB 


40 


50 


60 


Vdc 


Collector-Emitter Voltage 


V 

CES 


40 


45 


50 


Vdc 


Emitter-Base Voltage 


v 

EBO 


20 


30 


40 


Vdc 


Emitter Current (continuous) 




15 


15 


15 


Amps 


Base Current (continuous) 


! B 


4 


4 


4 


Amps 


Junction and Storage Temperature 


T 

stg 


-65 to +110 


°c/w 


Thermal Resistance 


0 JC 


0.5 


°c/w 



POWER-TEMPERATURE DERATING CURVE 




T c , Case Temperature ( C) 



The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 150 Watts at 
case tgmperatures of 25°C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 

P D allowable = 110° - T c 
0. 5 
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Power Transistors 

2N441 thru 2N443 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector-Base Cutoff Current 
V C BO = - 2 V 


All Types 


^BO 




100 




m a 


Collector-Base Cutoff Current 
V™ = -1.5 V, V rR = -40 V 
-50 
-60 


2N441 
2N442 
2N443 


J CB 


- 


2 
2 
2 


8 
8 
8 


mA 


Collector-Base Cutoff Current 
T R = 71°C, V rRO = -40 V 
B CBO -50 
-60 


2N441 
2N442 
2N443 


J CBO 


- 


— 


15 
15 
15 


mA 


Emitter- Base Cutoff Current 

v EBO = ~ 20 V 
-30 
-40 


2N441 
2N442 
2N443 


X EBO 


- 


1 
1 
1 


8 
8 
8 


mA 


Collector-Emitter Voltage 
Iq = 300 mA, Vgg = 0* 


2N441 
2N442- 
2N443 


BV CES 


-40 
-45 
-50 





- 


Vdc 


Collector-Emitter Voltage 

T — 1 A w^^> T _ n * 

lq — 1 Amp, i B - u * 


2N442 
2N443 


BV CEO 


-25 
-30 
-45 


- 


- 


Vdc 


Floating Potential 

T f\ "IT — A f\ 

l E ~ °> V CB ~ ~ 40 V 
-50 
-60 


2N442 
2N443 


V BE 




— 


1.0 
1.0 
1.0 


volt 


Current Gain 

I c = 5 Amps, V CB = -2V 
I c = 12 Amps, V CB = -2 V 


All Types 
All Types 


n FE 


20 


20 


40 


- 


Base- Emitter Voltage 

I c = 5 Amps, V CB = -2 V 


2N441 
2N442 
2N443 


V BE 


— 


0.65 
0.65 
0.65 


— 
0.9 


Vdc 


Saturation Voltage 

I c = 12 Amps, I B = 2 Amps 


2N441 
2N442 
2N443 


V CE(SAT) 




0.3 
0.3 
0.3 


1.0 


Vdc 


Common- Emitter Current Amplification 
Cutoff Frequency 
1=5 Amps, V CE = -6 V 


All Types 


f ae 




10 




kc 


Rise Time 

"on" I r = 12 Adc, 

I B = 27^dc, V CE = -12 V 


All Types 


tr 




15 




pi sec 


Fall Time 

"off" I c = 0, 

V EB = ~ 6 V ' R EB = 10 0hms 


All Types 


tf 




"15 




ii sec 



* To avoid excessive heating of the collector junction, perform test with the sweep method. 
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Power Transistors 



2N441 thru 2N443 (continued) 



INPUT CHARACTERISTICS 



h KK . CURRENT TRANSFER CHARACTERISTICS 














































































80° 


: 














\ 


"25°C 


















— / 

































































































































0.3 0.45 0.6 
, BASE CURRENT (AMPERES) 



SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate Ic — 
Vcb limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Power Transistors 

2N456A (GERMANIUM) J* 0 = 

2N457A Vcb = 40-80 V 



2N 



458A 




CASE 11 

(TO-3) 



PNP high-current germanium power transistors for 
industrial and general power amplifier and switching 
applications. 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N456A 


2N457A 


2N458A 


Unit 


Collector-Base Voltage 


Vcb 


40 


60 


80 


Volts 


Collector-Emitter Voltage 


v CEO 


20 


30 


40 


Volts 


Emitter-Base Voltage 


V E B 


-a 20 


Volts 


Collector Current 




-=3 7 8S> 


Amps 


Base Current 


V 


^ 3 ^ 


Amps 


Operating Junction and Storage 
Temperature Range 


T J' T stg 


-a- -65 to + 110 — 


°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 




-a 85 

~* 1 


Watts 
W/°C 



6-35 



Power Transistors 

2N456A, 2N457A, 2N458A (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = 20 Vdc) 


2N456A 


^BO 




0.5 


mAdc 


(V CB = 30 Vdc) 


2N457A 






0.5 




(V CB = 40 Vdc) 


2N458A 






0.5 




(Vpr> = 40 Vdc) 


2N456A 




— 


2 




(V CB = 60 Vdc) 


2N457A 






2 




(V CB = 80 Vdc) 


2N458A 






2 




(V CB = 40 Vdc, T c = + 71°C) 


2N456A 






10 




(V CB = 60 Vdc, T c = + 71°C) 


2N457A 






10 




(V CB = 80 Vdc, T c = + 71°C) 


2N458A 




— 


10 




Emitter-Base Cutoff Current 
(V EB = 20 Vdc) 


All Types 


^BO 


— 


2 


mAdc 


Collector- Emitter Breakdown Voltage 
(Iq = 200 mAdc) 


2N456A 
2N457A 
2N458A 


BV CEO 


20 
30 
40 


— 


Vdc 


Base- Emitter Voltage 
(I c = 5 Adc, V CE = 1.5 Vdc) 


All Types 


V BE 




1.5 


Vdc 


Collector-Emitter Saturation Voltage 
(I c - 5 Adc, I B = 500 mAdc) 


All Types 


V CE(sat) 




0.5 


Vdc 


DC Current Gain 
(I c = 1 Adc, V CE = 1.5 Vdc) 


All Types 




40 






(I c = 3 Adc, V CE = 1.5 Vdc) 


All Types 




35 






(I c = 5 Adc, V CE =1.5 Vdc) 


All Types 




30 


90 




(Iq = 7 Adc, V CE = 1.5 Vdc) 


All Types 




22 






Current Gain-Bandwidth Product 
(I c = 1 Adc, V CE = 2 Vdc) 


All Types 


f T 


200 




kc 


Input Impedance 
(I c = 5 Adc, V CE = 1.5 Vdc) 


All Types 






28 


ohms 
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Power Transistors 

2N456A, 2N457A, 2N458A (continued) 



POWER-TEMPERATURE DERATING CURVE 




2n459,A (GERMANIUM) 

For Specifications, See 2N378-380Data Sheet 



2N33*J (GERMANIUM) 

2nS55 

For Specifications, See 2N178 Data Sheet 



2N6 18 (GERMANIUM) 



For Specifications, See 2N375 Data Sheet 
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Power Transistors 



2N665 - JAN (GERMANIUM) ^ D ~^ W 

V CBO = 80V 




PNP germanium power transistors for driver and 
power output amplifier and power switching applica- 
tions in military and industrial equipment. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


80 


Vdc 


Emitter-Base Voltage 


V EBO 


40 


Vdc 


DC Collector Current 
MIL-S-19500/58C 
Motorola Unit 


k: 


2 
3 


Amps 


DC Emitter Current 


J E 


5 


Amps 


Collector Junction Temperature 


T J 


-65 to +95 


°C 


Collector Dissipation 
Derate above 25°C 


P D 


35 
0.5 


Watts 
W/°C 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Emitter Cutoff Current 
(v EB0 - - 40 Vdc « *C = °> 


! EBO 




-2 


mAdc 


Collector Cutoff Current 

< V CBO = " 2 Vdc « l E = °> 
< v CBO = -60 Vdc,T E = 0) 

< V CBO = " 80 Vdc ' *E = °> 


J CBO 




-.05 
-2 
-10 


mAdc 


DC Current Gain 

( V CE = " 2 Vdc » *C = ~ 0 ' 5 Adc ) 
(V CE = -2 Vdc, Ic = ,~ 2 Adc > 


n FE 


40 
20 


80 




Emitter-Base Voltage 

(V CE = -2 Vdc, Ic = -2 Adc) 


V EB 




1.5 


Vdc 


Floating Potential 

(V CB = -80 Vdc, voltmeter input 
resistance = 10 megohms min, t » 1 sec) 


V EBF 




-1 


Vdc 


Collector- Emitter. Saturation Voltage 
(IC = -3 Adc, I B = -220 mAdc) 


V CE (sat) 




-0.9 


Vdc 


Collector- Emitter Voltage 
(Ic = -300 mAdc, I B = 0) 


V CEO 


-40 




Vdc 


Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio Cutoff Frequency 
(V CE = -14 Vdc, Ic = -2 Adc) 


f hfe 


20 




kc 


Emitter Cutoff Current 

(V EBO = -30 Vdc, Ic = 0, T c = +71°C min) 


! EBO 




-2 


mAdc 


Collector Cutoff Current 

(V CBO = -30 Vdc, I E = 0, T c = +71°C min) 


^BO 




-2 


mAdc 
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2N665 (continued) 



Power Transistors 




The Safe Operating Area 
Curves indicate I c — V CE 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum Tj, 
the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions. 



POWER-TEMPERATURE DERATING CURVE 




T c , CASE TEMPERATURE (°C) 



SAFE OPERATING AREA 




10 20 30 40 50 60 
V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2N669 (GERMANIUM) 



For Specifications, See 2N176 Data Sheet 
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Power Transistors 



2N 1 01 1 (GERMANIUM) 
2N1011 JAN/USA 




CASE 1 1 

(TO-3) 



P D = 90W 
l E = 5A 
Vcbo = 80 V 



PNP germanium power transistors for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper- 
ature range and power dissipation exceed military 
specifications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1011 


Unit 


Collector-Emitter Voltage 


v 

v CEO 


40 


Vdc 


Collector -Emitter Voltage 


v 

V CES 


80 


Vdc 


Collector-Base Voltage 


V 

V CB 


80 


Vdc 


Emitter -Base Voltage 


v 

EB 


40 


Vdc 


Collector Current 


l E 


5 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


90 
1.2 


Watts 
W/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to + 100 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


6 JC 


0.8 


°c/w 



100 



POWER-TEMPERATURE 
DERATING CURVE 




0 20 40 60 80 100 

T , Case Temperature (°C) 
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Power Transistors 

2N1011 (continued) 



ELECTRICAL CHARACTERISTICS (At 25 *C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


DC Current Transfer Ratio 
V CE = 2 V 
I c = 1.0 Adc 


h FE 




150 




DC Current Transfer Ratio 

v CE = 2V 
I c = 3.0 Adc 


h FE 


30 


75 


- 


Small-Signal Current Transfer Ratio 
Cutoff Frequency 

v CE = 2Vdc 
Iq = 3 Amps 


f ae 


5 


- 


kc 


Emitter- Base Cutoff Current 
V EB = 40 Vdc 
I C = 0 


! EBO 




3.0 


mAdc 


Collector- Base Cutoff Current 
V CB = 2 Vdc 
I E = 0 


*CBO 




200 


jiAdc 


Collector- Base Cutoff Current 
V CB = 80 Vdc 
I E = 0 


^C BO 




15.0 


mAdc 


B3.SG Current 

V CE = 2 Vdc 
I c = 1 Adc 


In 


6. 7 






Base Current 

V CE = 2 Vdc 
I c = 3 Adc 


% 


40 


100 


mAdc 


Emitter -Base Voltage 
V CE - 2 Vdc 
I c = 3 Adc 


V EB 




2.0 


Vdc 


Floating Potential 

^CB ~ ^ ^ c 
(Voltmeter input resistance 
= 10 Megohm min) 


V fl 


— 


1.0 


Vdc 


Collector- Emitter Saturation Voltage 
I c = 3 Adc 
I B = 200 mAdc 


V CE(SAT) 




1.5 


Vdc 


Collector- Emitter Voltage 
I c = 300 mAdc 
I B = 0 


BV CEO 


40 





Vdc 


Collector- Emitter Voltage 
I c = 300 mAdc 

V EB = 0 


BV CES 


80 


- 


Vdc 


Small-Signal Short-Circuit Forward- Current 
Transfer Ratio Cutoff Frequency 
V CE = 2 Vdc 
I c = 3 Adc 


f ae 


5 




kc 


High- Temperature Operation 

T c = +90°C min 
Collector Cutoff Current 
V CB = 30 Vdc 
I E = 0 


*CBO 




20 


mAdc 
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-Power Transistors - 



2N1021 (GERMANIUM) fe = 5 A W 



2N 



1022 Vcbo= 100-120 V 




PNP germanium power transistor for industrial and 
general purpose power amplifier and switching appli- 
cations . 



CASE 1 

(TO-3) 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N1021 


2N1022 


Unit 


Collector-Base Voltage 


V C B 


100 


120 


Volts 


Collector- Emitter Voltage 


V CEX 


100 


120 


Volts 


Collector- Emitter Voltage 


V CEO 


^ 50 ^ 


Volts 


Emitter-Base Voltage 


V EB 


^ 30 ^ 


Volts 


Collector Current 


X C 


^ 5 


Amps 


Operating Junction and Storage 
Temperature Range 


T J' T stg 


-a— -65 to + 110 — ► 


°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25 C 


P D 


-3 85 

^ I ^ 


Watts 

w/°c 
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Power Transistors 

2N1021, 2N1022 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = 50 Vdc) 


2N1021 






0.5 


mAdc 


(V CB = 60 Vdc) 


2N1022 






0.5 




(V CB = 100 Vdc) 


2N1021 




— 


2 




(V CB = 120 Vdc) 


2N1022 






o 

Ci 




(V CB = 50 Vdc, T c = +55°C) 


2N1021 




— 


8 




(V CB = 60 Vdc, T c = + 55°C) 


2N1022 






o 
O 




Collector -Emitter Breakdown Voltage* 
(I c = 200 mAdc) 


Both Types 


BV CEO* 


50 




Vdc 


Emitter-Base Cutoff Current 
(V £B = 10 Vdc) 


Both Types 


^EBO 


— 


0.5 


mAdc 


(V EB = 30 Vdc) 


Both Types 




— 


2 




Base- Emitter Voltage 
(V C£ = -1.5 Vdc, I c = 1.0 Adc) 


Both Types 


V-I-} T7I 

rJiii 




3 


Vdc 


Collector- Emitter Saturation Voltage 
(I c = 5 Adc, I B = 500 mAdc) 


Both Types 


V CE(sat) 




0.5 


Vdc 


DC Current Gain 
(I c = 1 Adc, V CE = 1.5 Vdc) 


Both Types 


h FE 


40 






(I c = 3 Adc, V CE = 1.5 Vdc) 


Both Types 




35 






(I c = 5 Adc, V CE = 1.5 Vdc) 


Both Types 




30 


90 




(I c = 7 Adc, V CE = 1.5 Vdc) 


Both Types 




22 






Input Impedance 
(I c = 1.0 Adc, V CE = 1.5 Vdc) 


Both Types 


h ie 




28 


ohms 


Current Gain- Bandwidth Product 
(I c = 1.0 Adc, V CE = 2 Vdc) 


Both Types 


f T 


200 




kc 



*Sweep Test: 1/2 sine wave, 60 cps. 
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•Power Transistors - 



2N1073, A, B (GERMANIUM) 



CASE 4 

(TO-41) 




P D = 85W 
l c =10A 
V CE r = 40-1 20 V 

PNP germanium power transistors for high-voltage 
power switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1073 


2N1073A 


2N1073B 


Unit 


Collector- Emitter Voltage 


V CER 


40 


80 


120 


Vdc 


Collector-Base Voltage 


V C B 


40 


80 


120 


Vdc 


Emitter- Base Voltage 


v EB 


1.5 


1.5 


1.5 


Vdc 


Collector Current (Cont) 


*c 


10 


10 


10 


Amps 


Base Current (Cont) 


IB 


5 


5 


5 


Amps 


Emitter Reverse Current 
(Surge 60 cps Recurrent) 


Ie 


1.5 


1.5 


1.5 


Amps 


Storage and Operating 
Temperature 


T stg 
Tj 


-65 to +110 


°C 


Collector Dissipation 
(25°C Mtg. Case Temp.) 


P D 


85 


85 


85 


Watts 



POWER-TEMPERATURE DERATING CURVE 




25 50 75 100 
T Cl CASE TEMPERATURE (°C) 



The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 

Allowable P D = 110 ~ Tc Watts 



.01 



2N1073 





































5ms 








:i ms 
■500 
!250 

^5 


usec^ 












^sec 






] usee 








I \ 






D 































































SAFE OPERATING AREAS - PULSE CONDITIONS 
2N1073A 2N1073B 



10 20 30 40 




10 20 30 



90 100 110 120 



0 10 20 30 40 
V CE) COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 

Vce limits below which the device will not go into change in these safe areas.) To insure operation 

secondary breakdown. Collector load lines for spe- below the maximum Tj, the power-temperature 

cific circuits must fall within the applicable Safe derating curve must be observed for both steady 

Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Power Transistors 

2N1073, A, B (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


iyp 


Max 


Unit 


Collector-Base Cutoff Current 




I 

CBO 








mAdc 


( V CB = 25 Vdc, I E = 0) 


2N1073 




— 


— 


l 




(V CB - 25 Vdc. I E - 0. T c = 85°C) 


2N1073 




— 


— 


15 




( V CB = 4° Vdc - *E = °) 


2N1073 








20 




(V^g = 60 Vdc, I E = 0) 


2N1073A 








1 




(V CB = 60 Vdc. I E - 0. T c = 85°C) 


2N1073A 








15 




(V CB - 80 Vdc, I E = 0) 


2N1073A 








20 




(V CB = 100 Vdc. I E - 0. 


2N1073B 










2 




(V^ B - i00 Vdc, I E = 0. Tc - 85°C) 


2N1073B 




— 


— 


20 




(VCB = *20 Vdc. I E =■ 0) 


2N1073B 








20 




(V CB = 2 Vdc, I E - 0) 


All Types 








0.3 




Emitter-Base Leakage Current 




! EBO 








mAdc 


(V EB = 0.75 Vdc) 










50 




Emitter Floating Potential 




V EBF 








Vdc 


(V CE = 40 Vdc) 


2N1073 






- 1 0 




(V CE = 80 Vdc) 


2N1073A 








-1.0 




(V CE =■ 120 Vdc) 


2N1073B 




— 


— 


-1.0 




Collector-Emitter Breakdown Voltage* 




BV CER* 








Vdc 


(I c - 50 mAdc, R BE - 100 H) 


2N1073 




40 








2N1073A 




80 


— 


— 






2N1073B 




120 








DC Current Gain 




h FE 










(I c =■ 5 Adc. V CE = -2.0 Vdc) 






20 




60 




Small Signal Current Gain 




n fe 










(IC - 0.5 Adc. V C e = 12 Vdc. f =■ 30 kc) 






15 






Base Input Voltage 




V BE 








Vdc 


(V C£ - 2.0 Vdc. I c = 5 Adc) 










1.0 




Collector- Emitter Saturation Voltage 




V CE(sat) 








Vdc 


(I c - 5 Adc, I B -- 0.5 Adc) 








0.5 


1.0 




Rise Time 


*r 




5.5 




li sec 


Storage Time 






1.2 




H sec 


Fall Time 


l f 




2.0 




u sec 



*To avoid excessive heating of collector junction, perform this test with a sweep method. 



COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 




0 100 200 300 400 500 600 700 0 0.5 1.0 1.5 

l„ BASE CURRENT (MILLIAMPS) V IE> BASE-EMITTER VOLTAGE (VOLTS) 
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SWITCHING TEST CIRCUIT 




2Ni 099 (GERMANIUM) 

For Specifications, See 2N277 Data Sheet 



2n1 100 (GERMANIUM) 

For Specifications, See 2N174 Data Sheet 
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Power Transistors 



2n1120 (GERMANIUM) 
2M120 USA/JAN 



PNP germanium power transistors for military and 
industrial power applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1120 


Unit 


Collector -Emitter Voltage 


v 

v CEO 


40 


Vdc 


Collector-Emitter Voltage 


V CES 


70 


Vdc 


Collector -Base Voltage 


V CB 


80 


Vdc 


Emitter -Base Voltage 


v 

EB 


40 


Vdc 


Emitter Current 


h 


15 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


90 ' 
1.2 


Watts 
W/°C 


Operating Junction Temperature Range 


T J 


-65 to +100 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 




0.8 


°C/W 



POWER-TEMPERATURE 
DERATING CURVE 



0 20 40 60 80 100 

T p , Case Temperature (°C) 



P D = 90W 
I E = 15A 
V CBO = 80V 





6-47 



Power Transistors 



2N1120 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 

(I_ = 300 mAdc, I n = 0) 
C B 


BV CEO 


40 




Vdc 


Collector -Emitter Breakdown Voltage 
(I c = 300 mAdc, V BE = 0) 


BV CES 


70 




Vdc 


Floating Potential 

(V CB = 80 Vdc, I E = 0) 

(Voltmeter Input Resistance = 10 meg. min. ) 


v 

EBF 




1.0 


Vdc 


Collector Cutoff Current 
(V CB = 2 Vdc, I E = 0) 

(V CB = 30 Vdc, I E = 0) 

(V CB = 80 Vdc, I E = 0) 


^BO 




0.3 
20 
15 


mAdc 


Emitter Cutoff Current 
(V BE = 40 Vdc, I c = 0) 


*EBO 




5.0 


mAdc 


Base Current 

(V QE = 2 Vdc, I c = 5 Adc) 

(V CE = 2 Vdc, I c = 10 Adc) 


T B 


50 
200 


500 


mAdc 



ON CHARACTERISTICS 



DC Current Gain 

(I„ = 5.0 Adc, V nT? = 2.0 Vdc) 

(I c = 10. 0 Adc, V CE = 2. 0 Vdc) 


h FE 


20 


100 

50 




Collector -Emitter Saturation Voltage 
(I c = 10 Adc, I fi = 1.0 Adc) 


V CE(sat) 




1.0 


Vdc 


Base -Emitter Saturation Voltage 
(I c = 10 Adc, I = 1.0 Adc) 


V BE(sat) 




1. 5 


Vdc 


Base -Emitter On Voltage 
(I c = 10 Adc, V CE = 2 Vdc) 


V BE(on) 




2.0 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Common-Emitter Cutoff Frequency 
(I c = 5. 0 Adc, V CE = 2. 0 Vdc) 


f 

ae 


3 




kHz 
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Power Transistors 



2N1162 thru 2Nl 167 (GERMANIUM) P D - 106W 

2N1 162A thru 2N1 167A HI-REL I c = 25 A 

2N 11 65 USN/JAN V CB = 50-1 00 V 




PNP germanium power transistors for switching and 
amplifier applications in high reliability equipment. 



CASE 3,4 

(TO-3,41) 



TO-3 package (without lugs) 
even numbered types. 

TO-41 package (with lugs) 
odd numbered types. 



MAXIMUM RATINGS 



Apply also to standard, non-A series 



Characteristic 


Symbol 


2N1162A 
2N1163A 


2N1164A 
2N1165A 


2N1166A 
2N1167A 


Unit 


Collector-Base Voltage 


V 

CB 


50 


80 


100 


Vdc 


Collector -Emitter Voltage 


v 

CES 


35 


60 


75 


Vdc 


Emitter -Base Voltage 


v 

EB 


25 


40 


50 


Vdc 


Total Device Dissipation @ 25°C 
Derate above 25° C 


P D 


106 
1.25 


Watts 
W/°C 


Operating and Storage 

Junction Temperature Range 


J' stg 


-65 to +110 


°C 



6-49 



Power Transistors 

2U 1 1 62 thru 2N 11 67 (continued) 



GROUP A ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 

(V = BV , >, I = 0) 
L.U L-uu^maxj ej 


All Types 


! CB01 




3 


1 5 


mA 


Collector Cutoff Current 
(V CB = 2 V, I E = 0) 


All Types 


^BO 




125 


225 


H A 


(V CB = 15 V, I E = 0, T c = 90°C) 


2N1162A-3A* 




- 


10 


20 


mA 


(V CB = 30 V, I E =0, T Q = 90°C) 


2N1164A-7A* 








20 




Collector- Emitter Breakdown Voltage 
(I c = 500 mA, V EB = 0) 


2N1162A-3A* 
2N11G4A-5A* 
2N1166A-7A* 


BV CES** 


35 
60 
75 






Vdc 


Emitter Cutoff Current 
< V EB = 12 V > ! C = 0) 


All Types 


^BO 




0. 5 


1.2 


mA 


DC Forward Current Gaint 
(V CE = 1 V, I c = 25 A) 


All Types 


h FEl + 


15 


25 






(V CE = 2 V, I c = 5 A) 


All Types 


h FE 




65 


125 




Collector- Emitter Saturation Voltage 
(I c = 25 A, I B = 1. 6 A) 


All Types 


V CE(sat) 




0. 3 


0.8 


volts 


Base-Emitter Saturation Voltage 
(I c = 25 A, I B = 1.6 A) 


All Types 


V BE(sat) 




0.7 


1.7 


volts 


Common Emitter-Cutoff Frequency 
(V CE - 2 y, i c = 2 A) 


All Types 


f 

ae 




4 




kHz 



""Characteristics apply also to corresponding, non-A type numbers 
'♦Sweep Method: 1/2 cycle sine wave, 60 cps 



SWITCHING CHARACTERISTICS (Typical) 



Saturated Collector 
Current 


Pulsed Drive Base Current 


Response times in n$ 


On 


Off 


•d + *, 






5 amps 


330 mA 


100 mA 


n 


5 


17 


10 amps 


660 mA 


200 mA 


15 


4 


20 


25 amps 


1650 mA 


500 mA 


19 


3 


18 



FIGURE 1 — POWER TEMPERATURE DERATING CURVE 
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25 50 75 100 125 

T c , CASE TEMPERATURE (°C) 
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Power Transistors 



2N 11 62 thru 2N 11 67 (continued) 
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Power Transistors 



2N1 162 thru 2N1167 (continued) 

FIGURE 5 - CURRENT GAIN FIGURE 6 - SATURATION REGION 




lc, COLLECTOR CURRENT (AMPS) V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2Nl 358(GERMANIUM) 

2N1358 JAN/USA 

For Specifications, See 2N174 Data Sheet 



2N 1 359 (GERMANIUM) 

2n1360 

2N1362 thru 2N1365 



For Specifications, See 2N375 Data Sheet 
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Power Transistors 



P D =150W 

2N 1 4 1 2 (GERMANIUM) Ie = 15 A 

2N1412 USN/JAN V CB0 = 100 V 

PNP germanium power transistors for high- voltage 
~ power amplifier and switching applications in military 

v "IT fi an(i industrial equipment. 

CASE 5 I 

(TO-36) ^ 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


100 


Vdc 


Collector-Emitter Voltage 


v 

V CES 


80 


Vdc 


Collector -Emitter Voltage 


V 

v CEO 


60 


Vdc 


Emitter -Base Voltage 


V 

v EBO 


60 


Vdc 


Emitter Current (Continuous) 


h 


15 


Amps 


Base Current (Continuous) 




4 


Amps 


Junction & Storage Temperature 


stg 


-65 to +100 


°c 


Thermal Resistance 


*JC 


0.5 


°c/w 



SAFE OPERATING AREA 



POWER-TEMPERATURE DERATING CURVE 





1 1 1 1 1 1 1 






5m 


sec 


1msec 5( 


O^se 


250 M sec 
















i-r 

100 M sec 




















:> 


















































/ 














170 
- P0W 
25° 


•WATT 
ERD 

:cas 


A 
















: TEMPERATURE 


d 


c 










































10 IUUV. BmA 
(2N1100 ONLY) 










WIIH UAUH DlAo AKfUtU 

(PULSE CURVES ONLY) 

1 1 1 1 




X 





0 10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — 
Vcb limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 




T c , CASE TEMPERATURE (°C) 

The maximum continuous This curve has a value of 
power is related to maxi- 150 Watts at case tempera- 
mum junction temperature tures of 25°C and is 0 Watts 
by the thermal resistance at 100°C with a linear rela- 
factor. tion between the two tem- 

peratures such that : 

-Tc 



allowable Pd = - 



0.5 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Power Transistors 



2N1412 (continued) 

ELECTRICAL CHARACTERISTICS 



Charactsristic 


Symbol 


Minimum 


Maximum 


Unit 


Emitter Cutoff Current 
V EB = -2.0Vdc 
L- = 0 

1Q U 


J EBO 




200 


jiAdc 


Emitter Cutoff Current 
V EB = -60 Vdc 
i c - u 


^BO 


- 


10 


mAdc 


Collector Cutoff Current 

V CB = -2.0 Vdc 
t _ n 
l E ~ u 


^BO 


- 


200 


jiAdc 


Collector Cutoff Current 
V CB = -100 Vdc 
IE = 0 


^BO 


- 


10 


mAdc 


Emitter-Base Voltage 
V CE = -2.0 Vdc 
I c = -1.2 Adc 


V EB 




0.5 


Vdc 


Emitter -Base Voltage 
V CE = -2.0 Vdc 
I C = -5.0 Adc 


V EB 




0.9 


Vdc 


Floating Potential 

V CB = -100 Vdc 
I E = 0 

(Voltmeter input resistance 
= 10 Megohm min) 


V fl 




1.0 


Vdc 


Collector- Emitter Saturation Voltage 
I c = -12 Adc 

T — O H A An 

i-Q = — Z.U AuC 


V CE(SAT) 




0.7 


Vdc 


Forward Current Transfer Ratio* 
V CE = -2.0 Vdc 
I c = -15 Adc 


h FE 


10 


- 


- 


Forward Current Transfer Ratio 
V CE = -2.0 Vdc 
I c = -5.0 Adc 


h FE 


25 


50 


- 


Collector- Emitter Breakdown Voltage* 
I C = -1 Adc 
I B = 0 


BV CEO 


60 


- 


Vdc 


Collector- Emitter Breakdown Voltage* 

V EB= 0 

IC = 300 mA 


BV CES 


80 




Vdc 


Small-Signal Short-Circuit Forward- Current 
Transfer Ratio Cutoff Frequency 
V CE = -12 Vdc 
I c = -5.0 Adc 


f OQ 
ae 


5 




kc 


High- Temperature Operation 
Emitter Cutoff Current 

T c = +71°C min 
V EB = -30 Vdc 


! EBO 




6.0 


mAdc 


Collector Cutoff Current 
V CB = -30 Vdc 
I E = 0 


^BO 




6.0 


mAdc 



*Test by sweep method with a short duty cycle (about 1%) to avoid excessive heating. 
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2N1412 (continued) 



Power Transistors 
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-Power Transistors- 



2N1529 thru 2N1538 (GERMANIUM) 



2N1529A thru2N1532A, v _ An lonw 

2N1534Athru2N1537A, HI-REL v CB o-w-iiUV 




PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 



CASE 11,16 

(TO-3,41) 



For units with solder lugs attached, specify 
devices MP1529A etc. (TO-41 package) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1529 
2M534 


2N1530 
2N1S35 


2N1531 
2N1536 


2N1532 
2N1537 


2N1533 
2N1538 


Unit 


Collector- Emitter Voltage 


V CEX 


40 


60 


80 


100 


120 


Vdc 


Collector- Emitter Voltage 


V CES 


30 


45 


60 


75 


90 


Vdc 


Collector-Emitter Voltage 


V CEO 


20 


30 


40 


50 


60 


Vdc 


Collector-Base Voltage 


V CBO 


40 


60 


80 


100 


120 


Vdc 


Collector-Base Voltage 


V EBO 


20 


30 


40 


50 


60 


Vdc 


Collector Current 
(Continuous) 




5 


5 


5 


5 


5 


Amps 


Collector Current 
(Peak) 


*C 


10 


10 


10 


10 


10 


Amps 


Junction Temperature Range 


T J 


-65 to +110 


°C 


Total Device Dissipation 
(25°C Case Temperature) 


P D 


106 


106 


106 


106 


106 


Watts 


Thermal Resistance 


°JC 


0. 8 


°c/w 
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Power Transistors 

2N1529 thru 2N1538 (continued) 



ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise specified.) 
Characteristics apply to corresponding "A" type numbers also. 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = 25V) 
(V CB -- 40V) 
(V CB = 55V) 
(V CB = 65V) 
(V Cfi = 80V) 


2N1529. 2N1534 
2N1530. 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533. 2N1538 


l CBO\ 


— 
- 


2.0 
2.0 
2.0 
2.0 
2.0 


mA 


Collector-Base Cutoff Current 
(V CB = 2V) 

< v cb = 1 2 bv ces ratin e; T c = +90 ° c ) 


All Types 
All Types 


l CBO 




0.2 
20 


mA 


Emitter-Base Cutoff Current 
(V £B = 12V) 


All Types 


] EBO 




0.5 


mA 


Collector- Emitter Breakdown Voltage 
(I c - 500 niA, V EB - 0) 


2N1529. 2N1534 
2N1530. 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


BV CES 


30 
45 
60 
75 
90 




volts 


Collector- Emitter Leakage Current 
( V BE - 1V = V CE (U ratedBV CBO> 


All Types 


X CEX 




20 


mA 


Collector- Emitter Breakdown Voltage 
(I c = 500 mA, I B = 0) 


2N1529, 2N1534 
2N1530, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


BV CEO 


20 
30 
40 
50 
60 


— 


volts 


Collector-Base Breakdown Voltage 
(I c = 20 mA) 


2N1529, 2N1534 
2N1530, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 

OMi coq 9V1 <51A 
ZINlDOo, &IN13O0 


BV CBO 


40 
60 
80 
100 
120 


- 


volts 


Current Gain 
(V CE = 2V, I c = 3A) 


2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


h 

FE1 


20 
35 
20 
35 


40 
70 
40 
70 




Base- Emitter Saturation Voltage 
(I c = 3A, Ig - 300 mA) 


2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


v BE(sat) 


- 


1.7 
1.5 
1.7 
1.5 


volts 


Collector-Emitter Saturation Voltage 
(I c = 3A, I B = 300 mA) 


2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


V CE(sat) 




1.5 
1.2 
1.5 
1.2 




Transconductance 
(V CE = 2V, I c = 3A) 


2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


g FE 


1.2 
1.5 
1.2 
1.5 




mhos 
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Power Transistors 



2N1529 thru 2N1538 (continued) 



POWER-TEMPERATURE DERATING CURVE 




T c , CASE TEMPERATURE (°C) 



The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pjj = V c x I c 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 

110° - Tc 



Pjj allowable 



.08 



COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 




I,, BASE CURRENT (AMPS) V E „ EMITTER-BASE VOLTAGE (VOLTS) 



SWITCHING TIME MEASURING CIRCUIT 



TEST TRANSISTOR 




PULSE GENERATOR 



TYPICAL SWITCHING CHARACTERISTICS 





Ic 
(Amps) 


V 

(Volts) 


R 

(ohms) 


t d +t, 
( M sec) 


t, 

(/xsec) 


t, 

(/usee) 


2N1529-33 


3 


3 


65 


10 


2 


5 


2N 1534-38 


3 


3 


100 


8 


3 


5 



DC CURRENT GAIN versus 
COLLECTOR CURRENT 




Ic COLLECTOR CURRENT (AMPS) 
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Power Transistors 



2M1529 thru 2m 538 (continued) 



SAFE OPERATING AREAS - PULSE CONDITIONS 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



2M529.2N1534* 



2M530.2N1535* 



2N1531, 2N1536* 




~ 5 msec - 
~ 1 msec - 
500/iSec- 
250 usee - 




V 



TO 75 V, 3 mA 
WITH APPLIED 
BACK BIAS - 
(FOR PULSE CURVES ONLY) 



15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 55 60 65 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2N1532.2N1537* 



2N1533.2N1538 




70 80 0 10 20 30 
V C( , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

*Characteristics apply to corresponding "A" type numbers also. 
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Power Transistors 



2N 1 539 thru 2N 1 548 (GERMANIUM) 
2N1539A thru2N1542A, 
2N1544A thru 2N1547A, HI-REL 



P D = 106W 
lc = 5 A 

V CBO = 40-1 20 V 



CASE 3,4 

(TO-3,41) 




PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 



For units with solder lugs attached, 

specify devices MP1539A etc. (TO-41 package) 



MAXIMUM RATINGS 



* Apply to corresponding "Hi-Rel* Series Also 



Characteristics 


Symbol 


2H1539 * 
2N1544 * 


2N1540 * 
2H1545 * 


2N1541 * 
2N1546 * 


2N1542 * 
2N1547 * 


2N1543 
2N1548 


Unit 


Collector -Emitter 
Voltage 


V CEX 


40 


60 


80 


100 


120 


Vdc 


Collector- Emitter 
Voltage 


V CES 


30 


45 


60 


75 


90 


Vdc 


Collector-Emitter 
Voltage 


v CEO 


20 


30 


40 


50 


60 


Vdc 


Collector-Base 
Voltage 


V CBO 


40 


60 


80 


100 


120 


Vdc 


Emitter-Base 
Voltage 


v EBO 


20 


30 


40 


50 


60 


Vdc 


Collector Current 
(Continuous) 


ic 


5 


5 


5 


5 


5 


Amps 


Collector Current 
(Peak) 


ic 


10 


10 


10 


10 


10 


Amps 


Collector Junction 
Temperature Range 


T J 


-65 to +110 


°c 


Collector Dissipation 
(25°C Case Temp. ) 




106 


106 


106 


106 


106 


Watts 


Thermal Resistance 


6 JC 


0.8 


°c/w 



The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant P D = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 

P D allowable = 110° - Tc 
0.8 



POWER-TEMPERATURE DERATING CURVE 




o 



"i o I 1 1 1 1 L^J 

°" 0 20 40 60 80 100 110 

T c , CASE TEMPERATURE fC) 
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Power Transistors 



2N1539 thru 2N1548 (continued) 
ELECTRICAL CHARACTERISTICS 



(At 25°C case temperature unless otherwise specified) 



Parameter 



Symbol 



Min 



Max 



Collector-Base Cutoff Current 



(V CB = 25 V) 
(V CB = 40 V) 
(V CB = 55 V) 
65 V) 
80 V) 



CB 
< V CB 



2N1539. 2N1544 
2N1540. 2N1545 
2N1541 . 2N1546 
2N1542. 2N1547 
2N1543. 2N1548 



2.0 
2.0 
2.0 
2.0 
2.0 



Collector-Base Cutoff Current 

(V CB = 2 V) All Types 

(V CB = ^ 2 BV CEC rating, All Types 
T c = 90°C) 



0.2 
20 



Emitter-Base Cutoff Current 



12 V) 



All Types 



Collector-Emitter Breakdown Voltage! 
(I c = 500 mA) 

2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547. 
2N1543, 2N1548 



30 
45 
60 
75 
90 



Collector-Emitter Leakage Current 



(V 



BE " 



IV, V 



CE @ rated BV CB0 ) All Types 



Collector-Emitter Breakdown Voltage t 
(I c = 500 mA, I B - 0) 

2N1539 , 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 



BV<W 



20 
30 
40 
50 
60 



Collector-Base Breakdown Voltage 
(I C = 20 mA) 

2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 



60 
80 
100 
120 



Current Gain 

(V C E = 2 V, = 3 A) 

2N1539 - 2N1542 
2N1544 - 2N1547 
2N1543 
2N1548 



n FEl 



50 
75 
50 
75 



100 
150 
100 
150 



Baae-Emitter Drive Voltage 
(I C = 3 A, Ib = 300 mA) 

2N1539 - 2N1542 
2N1544 - 2N1547 
2N1543 
2N1548 



0. 7 
0. 5 
0.7 
0. 5 



Collector Saturation Voltage 
(IC = 3 A, I B = 300 mA) 

2N1539 - 2N1542 
2N1544 - 2N1547 
2N1543 
2N1548 



v CE(sat) 



0.3 
0.2 
0.3 
0.2 



Transconductance 

(V CE = 2V, Ic = 3A) 

2N1539 - 2N1542 
2N1544 - 2N1547 
2N1543 
2N1548 



3.0 
5.0 
3.0 
5.0 



Frequency Cutoff 
< V CE = 2V > Ic = 3A > 



All Types 



TjfP 
4 



Characteristics apply to corresponding, A type numbers also 
} To avoid excessive heating of collector junction, perform this test with a sweep method 
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Power Transistors 



2N1539 thru 2N1548 (continued) 

SWITCHING TIME MEASURING UNIT 



0.5 pf 



, TEST TRANSISTOR 




COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 





v« = - 


2 V 


































2N15 


14-2N1548 




























2N1539 


-2N1542 



0 0.1 0.2 0.3 0.4 0.5 0.6 

V E „ EMITTER-BASE VOLTAGE (VOLTS) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Tj, the power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 



Devices 


Conditions* 


Typical 
Switching Times 




Ic 
(Amps) 


V 

(Volts) 


R 

(ohms) 


td + t, 
ksec) 


t, 

Oxsec) 


t f 
0*sec) 


2N1 539-43 


3 


3 


i 165 


5 


3 


5 


2N 1544-48 


3 


3 


250 


5 


3 


8 



•input Pulse Repetition Rate = 2 kc, 
Pulse Width = 50 ^sec 



COLLECTOR CURRENT versus BASE CURRENT 



I 4 









1 

v« = - 

1 


-2 V 










2N15 


14-2N15 


48 








































2 


N1539- 


2N154 


J 







































10 20 30 40 50 60 
l„ BASE CURRENT (mA) 

2N1539, 2N1544 

TT 




2N1540, 2N1545 



2N1541,2N1546 



2N1542, 2N1547 



2N1543, 2N1548 




10 15 20 25 30 35 40 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 



10 15 20 25 30 35 40 45 50 55 60 65 0 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 



10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Power Transistors 



2N1539 thru 2N1548 (continued) 

BASE CURRENT versus EMITTER BASE VOLTAGE 





90 




80 


1 


70 












60 


1 






50 












40 




30 




20 




10 













= -2V 






















1 










2N1539-2I* 


1543 


















- 2N1544- 


2N1548 























































DC CURRENT GAIN versus COLLECTOR CURRENT 













_ 


2V 






































2 


Y1544 


2N15' 


8 


























2N1. 


>39-2N 


1543 




* 

























0.1 0.2 0.3 0.4 0.5 0.6 

V £l , EMITTER-BASE VOLTAGE (VOLTS) 



1 2 3 4 5 

l Cl COLLECTOR CURRENT (AMPS) 



2Nl 549 thru 2Nl 560 (GERMAWBUM) 
2N1549A thru 2N1560A, HI-REL 



P D = 106W 

l c = 15 A 

V CB0 = 40-100 V 



PNP germanium power transistors for switching and 
amplifier applications in high-r e liability equipment. 

For units with solder lugs attached, 

specify devices M PI 549 A etc. (TO-41 package) 



MAXIMUM RATINGS Apply to corresponding "Hi-Rel* Series Also 



Characteristic 


Symbol 


2N1549 
2N1553 
2N1557 


2N1550 
2N1554 
2N1558 


2N1551 
2N1555 
2N1559 


2N1552 
2N1556 
2N1560 


Unit 


Collector-Emitter Voltage 


V 

CEX 


40 


60 


80 


100 


Vdc 


Collector- Emitter Voltage 


v 

CES* 


30 


45 


60 


75 


Vdc 


Collector- Emitter Voltage 


v 

CEO* 


20 


30 


40 


50 


Vdc 


Collector-Base Voltage 


v 

CBO 


40 


60 


80 


100 


Vdc 


Emitter-Base Voltage 


v 

EBO 


20 


30 


40 


50 


Vdc 


Collector Current (Continuous) 


l c 


15 


15 


15 


15 


Amp 


Collector Current (Peak) 




20 


20 


20 


20 


Amp 


Collector Junction Temperature 


T J 


-65 to +110 


°C 


Collector Dissipation 
(25 C Case Temp. ) 




106 


106 


106 


106 


Watts 


Thermal Resistance 




0.8 


°C/W 



*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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Power Transistors 



2N1549 thru 2N1560 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
Apply to*Hi-Rel ff Series Also 



Parameter 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 

(V CB = 25 V) 2N1549, 2N1553, 2N1557 
(V CB = 40 V) 2N1550, 2N1554, 2N1558 
(V CB = 55 V) 2N1551, 2N1555, 2N1559 
(V CB = 65 V) 2N1552, 2N1556, 2N1560 


^BOl 


- 


3.0 
3. 0 
3.0 
3.0 


mA 


Collector-Base Cutoff Current 

< V CB = 2 V) AH TypGS 
( V CB =1/2 BV CES rating; 
T c = ^90°C) 


! CBO 




0.2 
20 


mA 


Emitter-Base Cutoff Current 

I V £ B — l/i V ) All I yi-H;£> 


^BO 




0. 5 


mA 


Collector-Emitter Breakdown Voltage 
(IC= 300 mA) 

2N1549, 2N1ddo, ZinIdd/ 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 


BV C ES 


30 
45 
60 
75 


- 


volts 


Collector- Emitter Leakage Current 
(V BE = 1 V, V CE @ rated BV CBO ) 

All Types 


J CEX 




20 


mA 


Collector- Emitter Breakdown Voltage* 
(I c = 300 mA, I B = 0) 

2N1549, 2N1553, 2N1557 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 

OVK^O OVIccc OMI^fiO 
£i\10D<£, ZIN1000, Z1N1DDU 


BV CEO * 


20 
30 
40 
50 




volts 


Collector-Base Breakdown Voltage 
(I c = 20 mA) 

2N1549, 2N1553, 2N1557 
2N1550, 2N155-4, 2N1558 
2N1551 , 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 


BV CB0 


40 
60 
80 
100 


- 


volts 


Current Gain 

(V C£ = 2 V, I c - 10 A) 

2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


h FEl 


10 
30 
50 


30 
60 
100 


- 


Base-Emitter Drive Voltage 
(I C = 10 A, I B = 1 A) 

2N1549 - 2N1552 

2N1557 - 2N1560 


V B E 




1.3 
1 0 
0. 7 


volts 


Collector Saturation Voltage 
(I c = 10 A, I B = 1.0 A) 

2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


V CE(sat) 




1.0 
0.7 
0.5 


volts 



Characteristics apply to corresponding, A type numbers also 
* To avoid excessive heating of collector junction, perform this test with a sweep method 
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Power Transistors 

2N1549 thru 2N1560 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Symbol 


Min 


Max 


Unit 


Transconductance 

(V CE = 2 V, I c = 10 A) 

2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


gFE 


6 
8 
12 


18 
30 
40 


mhos 


Frequency Cutoff 

2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


Ue 


Typ 

10 
6 
5 


kc 
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Power Transistors 



2N1549 thru 2N1560 (continued) 



SAFE OPERATING AREAS 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 




POWER-TEMPERATURE DERATING CURVE 



The maximum continuous power is 
related to maximum junction tempera 
ture, by the thermal resistance fac- 
tor. For d. c. or frequencies below § 
25 cps the transistor must be operated | 
within the constant Pd = Vc x Ic | 
hyperbolic curve. This curve has a £ 
value of 106 watts at case tempera- 1 
tures of 2 50C and is 0 watts at 110°C * 
with a linear relation between the two 
temperatures such that Pri allowable 
=110°- Tc U 



£ 106 
1 100 

80 

60 

40 

20 



40 



60 



80 



100 110 



T Cl CASE TEMPERATURE (°C) 



SWITCHING TIW1E MEASURING UNIT 



20V : 
PULSE GENERATOR 



0.5pf 



TEST TRANSISTOR 



-J-AAA—L. 



R 




Devices 


Conditions* 


Typical 
Switching Times 




Ic 
(Amps) 


V 

(Volts) 


R 

(ohms) 


t„ + t r 
(/tsec) 


t, 

(/usee) 


t f 

Usee) 


2N1549 -52 


10 


10 


10 


5 


2 


10 


2N1553 -56 


10 


10 


30 


10 


5 


25 


2^557 -60 


10 


10 


50 


10 


5 


25 



* Input Pulse Repetition Rate = 2 kc, 
Pulse Width = 50 ^sec 
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Power Transistors 

2N1724 (SILICON) Vc^-120V 
2n1725 Pd= 117W 



CASE 9 

(TO-61) 




NPN silicon power transistors designed for switch- 
ing and amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CB 


120 


Vdc 


Collector -Emitter Voltage 


V CE 


80 


Vdc 


Emitter-Base Voltage 


V EB 


10 


Vdc 


Collector Current (Continuous) 


: c 


5 


Adc 


Power Dissipation 


P D 


1H5 


Watts 


Thermal Resistance, Junction to Case 


^JC 


1.5 


°C/W 


Junction Operating Temperature Range 


T J 


-65 to +200 


°C 



6-67 



Power Transistors 

2N1724, 2N1725 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Emitter -Base Cutoff Current 

(V EB = 9 Vdc) 2N1725 

(\T - 1f) VrirO Rnth 
— -lU vug .DUU1 


*EBO 






0.5 
10.0 


mAdc 


Collector-Emitter Cutoff Current 

(V^ = 60 Vdc, V „ = 0) Both 
v CE ' BE 

(V CE = 60 Vdc, V BE = 0, T c = 150°C) Both 
(V CE =120 Vdc, V BE =0, T c = 150°C) Both 


J CES 


- 


- 


1.0 
2.0 
10.0 


mAdc 


Collector -Base Cutoff Current 

(V^„ = 3 Vdc, L_, = 0) Both 


I CBO 






0. 1 


mAdc 


Collector-Emitter Sustaining Voltage 

(I c = 200 mAdc, I B = 0) Both 


V CEO(sus) 


80 






Vdc 


DC Current Gain 

(Y = 15 Vdc, I = 2 Adc) 2N1724 
^ ^ 2N1725 

(V rv = 15 Vdc, 1=2 Adc, T . = -55°C) 2N1724 
^ U A 2N1725 

(V pF = 15 Vdc, I p = 0. 1 Adc) 2N1724 
^ ^ 2N1725 


h FE 


20 
50 

12 
25 

20 
50 


40 
90 


90 
150 




Collector -Emitter Saturation Voltage 

(I c = 2 Adc, I B = 200 mAdc) Both 


V CE(sat) 




0.5 


1.0 


Vdc 


Base -Emitter Saturation Voltage 

(I c = 2 Adc, I = 200 mAdc) Both 


V BE(sat) 




1.2 


2.0 


Vdc 


High Frequency Current Gain 

(\r = 15 Vdc, I_ = 0. 5 Adc, f = 10 MHz) Both 
Ufcj c 


fe 


1.0 


1.6 






Common Base Output Capacitance 

(V CB = 10 Vdc, f = 0. 1 MHz) Both 


ob 




260 


550 


pF 


Switching Times 

(l c = 2 Adc, I B1 = -I B2 =0.2 Adc) 

Delay time plus Rise time 

Storage time 

Fall time 


t, +t 
d r 

t 

s 




0.15 
1.3 
0.14 




/usee 
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■ Power Transisiors- 



2N1724, 2N1725 (continued) 



g 100 



FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 




200 



T c> Case Temperature ( C) 



SAFE OPERATING AREAS 




0 30 60 90 

Collector-Emitter Voltage (Volts) 



FIGURE 2 — 2N1724, 2N1725 



In using these curves the average power derating 
curve (Fig. 1) must be observed to ensure oper- 
ation below the maximum junction temperature. 



FIGURE 3 — DC CURRENT GAIN versus COLLECTOR CURRENT 



100 













2* 


17 


?5 












































































































2 


Nl 


724 























































40 



0.2 0.3 0.4 0.5 0.8 1.0 2.0 

I c , Collector Current (Amps) 



3.0 4.0 5.0 



8.0 10 
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Power Transistors 



2N 1 970 (GERMANIUM) / ' 7 ° W 

V CB0 = 50-100 V 

2N1980 thru 2N 1982 




PNP germanium power transistors for general pur- 
pose amplifier and switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1970 


2N1980 


2N1981 


2N1982 


Unit 


Collector-Base Voltage 


v CBO 


100 


50 


70 


90 


Volts 


Collector-Emitter Voltage 


v CEO 


50 


30 


40 


50 


Volts 


Emitter -Base Voltage 


V EBO 


40 


20 


20 


20 


Volts 


Collector Current 


ic 


15 


15 


15 


15 


Amps 


Power Dissipation at T c = 25°C 


P D 


170 


170 


170 


170 


Watts 


Junction Temperature Range 


T J 






-65 to 


+ 110 






°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max 


Unit 


Collector- Base Cutoff Current 








J CBO 








mAdc 


(V CB =-100 Vdc) 


2N1970 










4 




(V CB =-50 Vdc) 


2N1980 












g 




(V CB =-70 Vdc) 


2N1981 












6 




(V CB = -90 Vdc) 


2N1982 












6 




(V CB =-2Vdc) 


2N1980-2N1982 










0.3 




Emitter-Base Cutoff Current 
(V EB =-40 Vdc) 


2N1970 






! EBO 






4 


mAdc 


(V £B = - 20 Vdc) 


2N1980- 


2N1982 










5 




(V £B =-2 Vdc) 


2N1980- 


2N1982 










0.3 




Collector- Emitter Breakdown Voltage 

(I c = 1 Adc, I = 0) 2N1970 






BV CEO 


-50 






Vdc 




2N1980 








-30 










2N1981 








-40 










2N1982 








-50 








Base -Emitter Voltage 

(V CE = -2 Vdc, I c = 5 Adc) 


2N1970 




V BE 




-0.9 


Vdc 


Emitter Floating Potential 
(V CB = -50 Vdc) 


2N1980 






V 

EBF 






-1.0 


Vdc 


(V CB = " 70 Vdc) 


2N1981 












-1.0 




(V CB = -90 Vdc) 


2N1982 












-1.0 




Collector-Emitter Saturation Voltage 

(I c = 12 Adc, 1=2 Adc) 2N1970 






V CE(sat) 






-1.0 


Vdc 


(I c = 5 Adc, I B = 0. 5 Adc) 


2N1980 


-2N1982 










-0.5 




DC Current Gain 








h FE 










(I c = 5 Adc, V CE = -2 Vdc) 


2N1970 






17 




40 




2N1980 


-2N1982 






50 




100 




(I c = 12 Adc, V C£ = -2 Vdc) 


2N1970 








10 








Common Emitter Cutoff Frequency 








f ae 








kc 


< V CE = - 4V ' ! C =5A) 


2N1970 






5 








(V CE = - 5 V ' ! C =2A) 


2N1980 


-2N1982 






3 
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Power Transistors 



2N2075 thru 2n2082 (GERMANIUM) 

2N2075A thru 2N2082A, HI-REL 



P D = 170W 
l c =15A 
Vcbo = 40-80Y 




CASE 5 

(TO-36) 



PNP germanium power transistors for high-power 
applications in high-reliability equipment. 



MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


2N2078 
2N2082 


2N2077 
2N2081 


2N2076 
2N2080 


2N2075 
2N2079 


UNIT 


Collector- Base Voltage 


v CBO 


40 


50 


70 


80 


Volts 


Collector- Emitter Voltage 


V CES 


40 


50 


70 


80 


Volts 


Collector-Emitter Voltage 


V CEO 


25 


45 


55 


65 


Volts 


Emitter-Base Voltage 


V EBO 


20 


25 


35 


40 


Volts 


Collector Current 


J c 


15 


15 


15 


15 


Amps 


Power Dissipation at T c = 25 C 


P D 


170 


170 


170 


170 


Watts 


Junction Temperature Range 


T J 


-65 to + 110 


°C 


Thermal Resistance, Junction to 
Case 


G JC 


0.5 


°c/w 
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Power Transistors 



2N2075 thru 2N2082 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristics apply to corresponding "A" type numbers also. 



CHARACTERISTIC 


SYMBOL 


MIN 


MAX 


UNIT 


Collector- Base Cutoff Current 

^CB = - 50V ' V EB- 15V ! 
(V^ = -80V, v|°--1.5V) 


2N2078, 2N2082 
2N2077, 2N208L 
2N2076., 2N2080 
2N2075, 2N2079 


'■CBO l 




4.0 
4.0 
4.0 
4.0 


niAdc 


Collector-Base Cutoff Current 
^CB^CBmax.'E- 0 ' T C - + 71-C) 


All Types 


*CBO 




15 


mAdc 


Collector -Base Cutoff Current 
^CB ' " 2 V ' 'E " °» 


All Types 


! CBO 


- 


200 


fi Adc 


Emitter- Base Cutoff Current 
(V FR « -20 V, I p - 0) 
(y*° = -25 V, & = 0) 
- -35 V, £ - 0) 
(vj^ = -40V, l£ = 0) 


2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


! EBO 


- 


4.0 
4.0 
4.0 
4.0 


mAdc 


Emitter- Base Cutoff Current 

(V EB= V EBmax, 'C' 0 ' T C " 71 ° C 


All Types 


*EBO 




15 


mAdc 


Collector- Emitter Breakdown Voltage * 
(I r - 300 mA, V„ n ■= 0) 


2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


BV CES 


-40 
-50 
-70 
-80 




Vdc 


Collector- Emitter Breakdown Voltage * 
(I c - 1.0 A, I B = 0) 


2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


DV CEO 


-25 
-45 
-55 
-65 




Vdc 


Floating Potential 

(V =-40V, 1=0) 

(v^ = -5ov, i5: = o) 

(v£5--70V f ifj-O) 
(V CB = - 80V ' I E"°> 


2N2078, 2N2082 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


v n 


- 


1.0 
1.0 
1.0 
1.0 


Vdc 


DC Current Transfer Ratio 
(I C »1.2A, V CB= -2 V) 

(I c = 5 A, V CB = -2 V) 

(I C -12A, V CB =-2 V) 

d c = 5 A, V CB = -2 V, T c = -55 C C) 


2N2075 thru 2N2078 
2N2079 thru 2N2082 
2N2075 thru 2N2078 
2N2079 thru 2N2082 
2N2075 thru 2N2078 
2N2079 thru 2N2082 
2N2075 thru 2N2078 
2N2079thru 2N2082 


h FE 


25 
40 
20 
35 
8 

12 
15 
25 


100 
160 
40 
70 




Collector-Emitter Saturation Voltage 
(I c = 12 A, I B = 2 A) 


2N2075 & 76, 2N2079 & 80 


V CE(sat) 




0.7 
0.9 


Vdc 


Base-Emitter Voltage 
(I c = 5 A, V CB - -2 V) 


All Types 


BE 




0.9 


Vdc 


Common Emitter Cutoff Frequency 
(I c = 5 A, V C£ = -6 V) 


All Types 


f 

ae 


5 




kc 


Rise Time 

(•'On" I c = 12 A, V C£ = -12 V, I B = 2 A) 


2N2075 thru 2N2078 
2N2079 thru 2N2082 


t 

r 


Typ 
9 
6 


fjsec 


Fall Time 

("Off I c = 0, V EB = -6 V, R EB - 10 Ohms) 


2N2075 thru 2N2078 
2N2079 thru 2N2082 


l f 


12 
13 


usee 



* To avoid excessive heating of collector junction, perform this 
test with a sweep method. 



6-72 



Power Transistors 



2N2075 thru 2N2082 (continued) 

SAFE OPERATING AREAS 









l 2N2075,2N20 

1 1 


73 
























5m 


sec 


lmsec 5( 


0/xSe 


250 M sec 




V 












lOO^sec 






\ 


o 












































































170 
- P0V1 
25° 


-WATT 
ERD 
CCAS 


/ 

SSIPA 
ETEM 


TION 
PERA1 














URE 


d 


c 
















































IU1UUV, 8 mA 
(2N1100 ONLY) 










WMH bAUK UIAS ArrLItU 

(PULSE CURVES ONLY) — 
1 1 1 1 









0 10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 




COLLECTOR-EMITTER VOLTAGE (VOLTS) 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 




10 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 





2N 


2078, 2N2082 




5 msec 


lmsec 


1 

500 M sec 250 ^s 


ec 


— ^ 






-^loO M sec 
OR LESS 












170-WAT 
POWER D 
25°C CA! 


SSIPATI0N 
E TEMPERA 








f\T 
URE 










d 


c \ 



































COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



2N2075-2N2078 



CURRENT TRANSFER CHARACTERISTICS 



TRANSCONDUCTANCE CHARACTERISTICS 




l„, BASE CURRENT (AMPERES) 



V BE , BASE EMITTER VOLTAGE (VOLTS) 
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-Power Transistors- 



2N2075 thru 2N2082 (continued) 



a 4 



2N2079-2N2082 



CURRENT TRANSFER CHARACTERISTICS 





-40°C . 










+i 


















r « = -2 

















40°C 










^ +80°C 











0.2 0.3 0.4 
I,, BASE CURRENT (AMPERES) 



TRANSCONDUCTANCE CHARACTERISTICS 




0.2 0.3 0.4 0.5 0.6 0.7 0.8 
V, E , BASE-EMITTER VOLTAGE (VOLTS) 



2N2 1 37 thru 2N2 1 46 (GERMANIUM) 
2N2137A thru 2N2146A HI-REL 



P D =70W 
l c = 3A 
V CB = 30-90 V 



CASE 3, 4 

(TO-3,41) 




PNP germanium industrial power transistors for 
driver applications in high reliability equipment. 



For units with solder lugs attached, specify 
devices MP2137A etc. (TO-41 package) 



MAXIMUM RATINGS 

Apply also to standard, non-A series 



Characteristic 


Symbol 


2N2137A 
2N2142A 


2N2138A 
2N2143A 


2N2139A 
2N2144A 


2N2140A 
2N2145A 


2N2141A 
2N2146A 


Unit 


Collector-Base Voltage 


V CB 


30 


45 


60 


75 


90 


Vdc 


Collector- Emitter Voltage 


V 

V CES 


30 


45 


60 


75 


90 


Vdc 


Collector- Emitter Voltage 


v 

CEO 


20 


30 


45 


60 


65 


Vdc 


Emitter- Base Voltage 


V 

EB 


15 


25 


30 


40 


45 


Vdc 


Total Device Dissipation 
@ T c = 25°C 

Derate above 25° C 


P D 


M 70 ► 

« 0. 833 ► 


Watts 
W/°C 


Operating and Storage Junc- 
tion Temperature Range 


T T , T . 

J stg 


-* 65 to +110 ► 


°C 



6-74 



Power Transistors 



2N2137 thru 2N2146 (continued) 

GROUP A ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = " 2 V ' *E = 0) 


All Types 


^BO 




0.018 


0.05 


mAdc 


< V CB = V CB(max)' l C = °> T C = +71 ° C > 








0.75 


5 




Collector-Base Cutoff Currentt 
(V CB = V CB(max)> l E = °> 


All Types 


^BOl* 


- 


0.1 


2 


mAdc 


Emitter-Base Cutoff Current 
< V EB = V EB(max)' l C = °> 
(V EB = V EB(maxV *C = °> T C = +71 ° C) 


All Types 


! EBO 




0.08 


2 


mAdc 


Collector-Emitter Breakdown Voltage** 

(I = 300 mA V =0) 
C ' EB ; 


2N2137A, 2N2142A* 
2N2138A', 2N2143A* 
2N2139A, 2N2144A* 
2N2140A, 2N2145A* 
2N2141A, 2N2146A* 


BV CES~ 


-30 
-45 
-60 
-75 
-90 


— 

— 
— 


— 

— 
— 


Vdc 


Collector-Emitter Breakdown Voltage** 

- OUU mA, lg = 


2N2138A, 2N2143A* 
2N2139A, 2N2144A* 
2N2140A, 2N2145A* 
2N2141A, 2N2146A* 


BV CEO** 


-20 
-30 
-45 
-60 
-65 


— 


— 
= 




Floating Potential 
(V CB = 30V > I E s0 » 


2N2137A, 2N2142A* 


V 

EBF 


- 


- 


1.0 


Vdc 


(V CB = 45 V, I E = 0) 


2N2138A, 2N2143A* 








1.0 




( V CB = 60 V > l E = °> 


2N2139A, 2N2144A* 




- 


- 


1.0 




< V CB = 75 V > ! E = °> 


2N2140A, 2N2145A* 








1.0 




(V CB = 90 V > h s0 > 


2N2141A, 2N2146A* 




... 


- 


1.0 




DC Current Gain 

«C s0 - 5 A ' V CE- 2V)f 


2N2137A-2N2141A* 
2N2142A-2N2146A* 


w 


30 
50 


45 
70 


60 
100 




(1 C = 2.0A, V CE = 2V) 


2N2137A-2N2141A* 
2N2142A-2N2146A* 


h FE 


15 
25 


22 
33 






Collector- Emitter Saturation Voltage 
(I c = 2.0 A, I B = 200 mA) 


All Types 


V CE(sat) 




0. 12 


0.5 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 2.0 A, I B = 200 mA) 


All Types 


V BE(sat) 




0.75 


1.2 


Vdc 


Common Emitter Cutoff Frequency 
(I c = 2.0 A, V CE = 6 V) 


All Types 


f 

ae 


12 


20 




kHz 



♦Characteristics apply also to corresponding, non-A type numbers 
** Sweep method: 1/2 cycle sine wave, 60 cps 
t Subscript 1 indicates tests performed under Hi Rel Acceptance Tests 




25 50 75 10Q 125 



T c , CASE TEMPERATURE (°C) 
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Power Transistors 



2N2137 thru 2N2T46 (continued) 



2N2137.A; 2N2142 



FIGURE 2 -ACTIVE REGION 
SAFE OPERATING AREAS 



The active region safe operating 
area curves indicate I c -V C e limits 
to be observed in order to avoid 
secondary breakdown. (Secondary 
breakdown is independent of tem- 
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the maximum 
junction temperature, power de- 
rating must be observed for both 
steady state and pulse conditions. 




2N2138.A; 2N2143.A 



500 /xS 



250 juS 
' OR LESS 



20 30 0 10 20 30 40 50 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2N2139.A; 2N2144 



2N2140.A; 2N2145.J 



2N2141.A; 2N2146.I 




10 20 30 40 50 60 70 
V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



50 60 70 80 90 100 
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Power Transistors 



2N2137 thru 2N2146 (continued) 
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Power Transistors 




2N21 52 thru 2n21 54 (GERMANIUM) 

2N2156 thru 2N2158 

2N2152Athru 2N2154A, 

2N2T 56A thru 2N21 58A, HI-REL 



CASE 5 

(TO-36) 




PNP germanium power transistors for high-power, 
high-gain applications in high- reliability industrial 
equipment. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2152 
2N2156 


2N2153 
2N2157 


2N2154 
2N2158 


Unit 


Collector -Emitter Voltage 


v 

v CEO 


30 


45 


60 


Vdc 


Collector -Emitter Voltage 


v 

V CES 


45 


60 


75 


Vdc 


Collector -Base Voltage 


v 

V CB 


45 


60 


75 


Vdc 


Emitter-Base Voltage 


V 

EB 


25 


30 


40 


Vdc 


Collector Current 


*c 


30 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25 C 


P D 


170 
0.5 


Watts 
W/°C 


Operating Junction Temperature Range 


T J 


-65 to +110 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance , Junction to Case 




0.5 


°c/w 



P D = 170W 
l c = 30A 
V CBO = 45-75 V 
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Power Transistors 

2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 

(1^ = 1. 0 Adc, I R = 0) 2N2152, 2N2156 
C B 2N2153,2N2157 
2N2154, 2N2158 


BV CEO* 


30 
45 
60 


- 


- 


Vdc 


Collector —Emitter Breakdown Voltage* 

(I r = 300 mAdc, V R „ = 0) 2N2152, 2N2156 
2N2153, 2N2157 
2N2154, 2N2158 


BV * 
UV CES 


45 
60 
75 


- 
- 


- 

- 


Vdc 


Floating Potential 

(V CB = 45 Vdc, Ig = 0) 2N2152,2N2156 


v 

EBF 


- 


- 


1.0 


Vdc 


(V CB = 60 Vdc, I E = 0) 2N2153, 2N2157 




- 


- 


1.0 




(V CB = 75 Vdc, I E = 0) 2N2154, 2N2158 




- 


- 


1.0 




Collector Cutoff Current 

(V CB = 2V, I E = 0) All Types 


r CBO 




.08 


0.2 


mAdc 


(V CB = 45 Vdc, I E = 0) 2N2152,2N2156 






0.9 


4.0 




(V CB = 60 Vdc, I E = 0) 2N2153,2N2157 






0.9 


4.0 




(V CB = 75 Vdc, I E = 0) 2N2154, 2N2158 






09 


4.0 




< V CB = V CB(max)> l E = °> T C = 71 ° C > ™ T ^ S 






4.0 


15 




Emitter Cutoff Current 
(V BE =25Vdc, I c =0) 


^BO 




0.2 


4.0 


mAdc 


(V BE =30Vdc, I c =0) 






0.2 


4.0 




(V BE = 40 Vdc, I c = 0) 






0.2 


4.0 




< V BE = V EB(max)> l C = °» T C = 71 ° C > AU T ^ S 






2.7 


15 




ON CHARACTERISTICS 


DC Current Gain 

(I = 5.0 Adc, V r = 2 Vdc) 2N2152, 2N2153, 2N2154 
u c±5 2N2156,2N2157,2N2158 


h FE 


50 
80 


75 
105 


100 
160 




(I = 15 Adc, V p = 2 Vdc) 2N2152, 2N2153, 2N2154 
^ 2N2156,2N2157,2N2158 




25 
40 


47 
63 






(I c = 25 Adc, V CB = 2 Vdc) All Types 




15 


38 






Collector -Emitter Saturation Voltage 

(I c = 5. 0 Adc, I B = 500 mAdc) All Types 


V CE(sat) 




0. 06 


01 


Vdc 


(I c = 25 Adc, I B = 2 Adc) All Types 






0.2 


0.3 




Base-Emitter On Voltage 

(I c = 5. 0 Adc, I B = 500 mAdc) All Types 


V BE(on) 




0.65 


1.0 


Vdc 


(I c = 25 Adc, I B = 2 Adc) All Types 






1.0 


2.0 




SMALL SIGNAL CHARACTERISTICS 


Common-Emitter Cutoff Frequency 
(I c = 5. 0 Adc, V CE = 6.0 Vdc) 


f 

cee 


2 


2.7 




kHz 



*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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Power Transistors 



2N2152 thru 2N2154, 2N2156 thru 2N2158 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 

Vce limits below which the device will not go into change in these safe areas. ) To insure operation 

secondary breakdown. Collector load lines for spe- below the maximum Tj, the power-temperature 

cific circuits must fall within the applicable Safe derating curve must be observed for both steady 

Area to avoid causing a collector-emitter short. state and pulse power conditions. 



2N2152, 2N2156 



2N2153. 2N2157 




10 20 30 40 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 



2N2154, 2N2158 



_ 10 































1 


msec 
rlmsc 


c _ ... 
















-500 


^sec 
50/tsec 










































V 












_ 17( 
P0V 
25° 


•WATT 
VER DIS 
C CASE 


y\ 








^ SOjt; 

OR I 


sec 
ESS 


SI PAT 
TEMP 


ON AT 

:ratu 


3E 

























































































0 10 20 30 40 50 60 70 80 90 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 




10 20 30 40 50 60 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

POWER-TEMPERATURE DERATING CURVE 




To CASE TEMPERATURE (°C) 

The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case tgmperatures of 25°C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 

allowable Pjj = 110° - Tc 
0. 5 



6-80 



Power Transistors 

2N21 52 thru 2N21 54 2N2156 thru 2N21 58 (continued) 

TYPICAL INPUT AND TRANSFER CHARACTERISTICS 
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Power Tra nsistors 

2N2490 thru 2N2493 (GERMANIUM) , P ° = 7? W 

■c = 15 A 

V CBO = 60-100V 



PNP germanium power transistors for general 
purpose power and switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2490 


2N2491 


2N2492 


2N2493 


Unit 


Collector-Base Voltage 


v CBO 


70 


60 


80 


100 


Volts 


Collector- Emitter Voltage 


VCES 


60 


50 


70 


85 


Volts 


Emitter -Base Voltage 


v EBO 


40 


30 


60 


80 


Volts 


Collector Current 


ic 


15 


15 


15 


15 


Amps 


Power Dissipation at T c = 25°C 


PD 


170 


170 


170 


170 


Watts 


Junction Temperature Range 


Tj 


- 65 to +110 - 


°c 



ELECTRICAL CHARACTERISTICS (Tc = 25 'C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector- Base Cutoff Current 




I CBO 






mAdc 


(VcB=- 2 Vdc > 


All Types 


— 


0.2 




Emitter -Base Cutoff Current 




^BO 






mAdc 


(V EB = -40 Vdc) 


2N2490 





3 




(V EB = -30 Vdc) 


2N2491 




— 


3 




(V EB = -60 Vdc) 


2N2492 






2 




(Veb = -80 Vdc) 


2N2493 




- 


3 




Collector Cutoff Current 




*CEX 






mAdc 


(V CE = -70 Vdc, V BE = 1. 5 Vdc) 


2N2490 






3 


(V CE = -60 Vdc, V BE = 1.5 Vdc) 


2N2491 






3 




(V CE = -80 Vdc, V BE = 1.5 Vdc) 


2N2492 




— 


2 




< V CE = - 100 Vdc » V BE = 1.5 Vdc) 


2N2493 






3 




(V CE = -35 Vdc, V BE = 1.5 Vdc,T c = +100°C) 


2N2490,2N2491 






35 




(V CE = -40 Vdc, V BE = 1. 5 Vdc,T c = +100°C) 


2N2492 






35 




(V CE = -50 Vdc, V BE = l. 5 Vdc,T c = +100°C) 


2N2493 






35 




Collector- Emitter B reakdown Voltage 




V CEO 






Volts 


(I C =1A, I B = 0) 


2N2490 




-50 








2N2491 




-40 








2N2492 




-65 








2N2493 




-75 






Base -Emitter Voltage 




v BE 






Vdc 


(I c = 5Adc, V CE = -2 Vdc) 


2N2490,2N2491 




-0.9 




2N2492,2N2493 






-0.8 




(I c = 12Adc, V CE = -2 Vdc) 


All Types 






-1.5 




Collector-Emitter Saturation Voltage 




V CE(sat) 






Vdc 


(I c = 12Adc, I B = 2Adc) 


2N2490, 2N2491 






-0.7 




2N2492, 2N2493 






-0.5 




DC Current Gain 




n FE 








(I C = lAdc, V CE = -2 Vdc) 


2N2490 


45 






2N2491 




65 








2N2492, 2N2493 




50 






(I c = 5Adc, V CE = -2 Vdc) 


2N2490 




20 


40 




2N2491 




35 


70 






2N2492, 2N2493 




25 


50 




(I c = 5Adc, V CE = -2Vdc,T A = -65°C) 


2N2490 




15 






2N2491 




25 








2N2492, 2N2493 




20 






(I c = 12Adc, V CE = -2 Vdc) 


2N2490 




8 






2N2491 




12 








2N2492, 2N2493 




10 






Common Emitter Cutoff Frequency 




f ae 






kc 


(I c = 5A, V CE = -6 V) 




5 






Turn- On Time 




*on 






jisec 


(I C = 5 A, I B1 = I B2 = 0. 5 A) 








25 




Turn- Off Time 




*off 






lisec 


(I C = 5 A, I B1 = I B2 = 0. 5 A) 






15 
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- Power Transistors - 



2N2526 (GERMANIUM) 

2N2527 
2n2528 



P D = 85W 

l c =10A 

V CBO = 80-1 60 V 




CASE 3,4 

(TO-3JO-41 
For units with solder lugs attached, specify 
devices MP2526etc. (TO-41 package) 
MAXIMUM RATINGS 



PNIP germanium power transistors for high -voltage 
power switching applications. 



Characteristic 


Symbol 


2N2526 


2N2527 


2N2528 


Unit 


Collector-Emitter Voltage 


V CE 


80 


120 


160 


Vdc 


Collector-Base Voltage 


V C B 


80 


120 


160 


Vdc 


Emitter-Base Voltage 


v E b 


5 


5 


5 


Vdc 


Collector Current (Cont) 


*C 


10 


10 


10 


Amps 


Base Current (Cont) 


% 


5 


5 


5 


Amps 


Emitter Reverse Current 
(Surge 60 cps Recurrent) 


*E 


1.5 


1.5 


1.5 


Amps 


Storage and Operating 
Temperatures 


T stg 
T J 


-65 to +110 


°C 


Total Device Dissipation 
(25 °C Mtg. Case Temp.) 


P D 


85 


85 


85 


Watts 


Thermal Resistance 


e JC 


1.0 


°c/w 



POWER-TEMPERATURE DERATING CURVE 

The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 

Allowable P D =- 110 _Tc 



z 100 
o 

g 80 

£ 60 

2 £ 40 

£ £ 20 

UJ 

g o 





-85 WATTS MAXIMUM 
































110° 











1.0 



Watts 



25 50 75 100 
T c , CASE TEMPERATURE (°C) 



125 



SAFE OPERATING AREAS 
2N2527 




,0 20 30 40 50 60 70 80 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 10 20 30 40 50 60 70 80 90 100 110120130 "0 20 40 60 80 100 120 140 160 
COLLECTOR-EMITTER VOLTAGE (VOLTS). COLLECTOR-EMITTER VOLTAGE (VOLTS) 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Power Transistors 



2N2526 thru 2N2528 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Types 


Symbol 


Mil). 


Typ. 


Max. 


Unit 


Collector-Emitter Cutoff Current* 
(V CE = -80 V, V BE = 0. 2 Vdc, T C = 100°C) 
(V CE = -120 V, V BE = 0. 2 Vdc, T C - 100°C) 
(V CE = -160 V, V BE = 0. 2 Vdc, T C = 100°C) 


2N2526 
2N2527 
2N2528 




- 


- 


35 
35 
35 


mA 


Collector -Base Cutoff Current 
(V CB = -80 Vdc, I E = 0) 
(V CB = -120 Vdc, I E = 0) 
(V CB = -160 Vdc, I E = 0) 
(V CB = -2.0 Vdc, I E = 0) 


2N2526 
2N2527 
2N2528 
All Types 


*CBO 


- 


- 


3 
3 
3 
150 


mAdc 
/xAdc 


Collector-Emitter Cutoff Current 
(V CE = -80 Vdc, R BE = 100 Q) 
(V CE = -120 Vdc, R BE = 100 Q) 
(V CE = -160 Vdc, R BE = 100 fl) 


2N2526 
2N2527 
2N2528 


*CER 






25 
25 
25 


mAdc 


Emitter-Base Breakdown Voltage 
(I E = 50 mAdc) 


All Types 


BV EBO 


5 






Vdc 


Collector -Emitter Breakdown Voltage* 
(I c = 100 mA , I B = 0) 


2N2526 
2N2527 
2N2528 


B ^CEO(sus) 


-80 
-120 
-160 


- 


- 


Volts 


DC Current Gain 
(I c = 3 Adc, V CE = -2. 0 Vdc) 


All Types 


h FE 


20 




50 


- 


Small Signal Current Gain 
(V C£ = -12 Vdc, Ic = 0. 5 Adc, f = 30 kc) 


All Types 


h fe 


10 


15 




- 


Transconductance 
l*CE — 0 *dc, Iq = 3 Adc; 


All Types 




4 


6 




Mhos 


Collector-Emitter Saturation Voltage 
(I c = 10 Adc, I B = 1. 0 Adc) 


All Types 


V CE(sat) 


- 


-0.5 


-0.8 


Vdc 


Base -Emitter Saturation Voltage 
(I c = 10 Adc, I B = 1.0 Adc) 


All Types 


v BE(sat) 




0.8 


1.2 


Vdc 


Rise Time 


All Types 


*r 




5.5 




fisec 


Storage Time 


All Types 


l s 




1.2 




Msec 


Fall Time 


All Types 


k 




2.0 




usee 



*To avoid excessive heating of collector junction, perform this test with a sweep method. 



TYPICAL INPUT CHARACTERISTICS 

ALL TYPES 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 




0 100 200 300 400 500 600 700 0 0.5 1.0 1.5 

l„ BASE CURRENT (M ILIIAMPERES) V«, BASE-EMITTER VOLTAGE (VOLTS) 
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Power Transistors 




2N2728 (GERMANIUM) 



CASE 7 

(TO-36) 



P D = 170W 
l c = 50 A 
V CB0 = 15 V 




PNP germanium high-current power transistors es- 
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells, and 1. 5 -volt batteries. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Hating 


Unit 


Collector- Base Voltage 


V CBO 


15 


Vdc 


Collector- Emitter Voltage 


V CEO 


5 


Vdc 


Emitter-Base Voltage 


V EBO 


15 


Vdc 


Collector Current (continuous) 


r c 


50 


Adc 


Base Current (continuous) 




10 


Adc 


Total Device Dissipation @ 25°C 
Case Temperature 


P D 


170 


Watts 


Operating Temperature 


T J 


+110 


°C 


Storage Temperature 


T 

stg 


-65 to +110 


°C 


Thermal Resistance 

(Junction to Case) 




0.5 


°C/W 
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Power Transistors 



2N2728 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 

V CE = 15V ' V BE= IV 

V CE =10V ' V BE = 1V ' T C =100°C 


! CEX 


- 




10 

35 


mAdc 


Emitter- Base Cutoff Current 


^BO 






10 


mAdc 


Emitter Floating Potential 
V CB = 15V ' I E-"° 


^EBF 






0. 5 


Vdc 


Collector- Emitter Breakdown Voltage* 
I c = 500 mA, I B = 0 


BV CEO 


5 


10 




V 


DC Current Transfer Ratio 
I C = 20A, V CE =2V 


h FE 


40 




130 




Collector- Emitter Saturation Voltage 
I C = 50A, I fi =5A 


v 

CE(sat) 




.075 


0. 1 


Vdc 


Base- Emitter Voltage 
I c = 50 A, I fi = 5A 


V BE(sat) 




0. 85 


1. 0 


Vdc 


Common Emitter Cutoff Frequency 
I C = 20A, V CE = 2 V 


f ae 


3 


4. 5 




kc 


Rise Time 

I C = 20A, V cc = 1.75 V, I B(on) -2A 


*r 




1 D 


25 


jis.ec 


Storage Time 

V BE = 6V ' Bte- 10 ' 0 


*. 




15 


20 


Msec 


Fall Time 

V BE = 6V > Rbe- 10 ^ 


*f 




10 


15 


/isec 



* To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 




0-50Q 



SWITCHING TIME TEST CIRCUIT 
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Power Transistors 



2n2832 (GERMANIUM) 

2n2833 
2n2834 

PNP germanium high-speed,, high-frequency, power 
transistors for output stages of CRT deflection cir- 
cuits, high-efficiency power inverters, and similar ap- 
plications. 



For units with solder lugs attached, specify 
devices MP2832 etc. (TO-41 package) 

MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2832 


2N2833 


2N2834 


Unit 


Collector-Base Voltage 


V CBO 


80 


120 


140 


Volts 


Collector- Emitter Voltage 


V CEO 


50 


75 


100 


Volts 


Emitter-Base Voltage 


V EBO 


2 


2 


2 


Volts 


Collector Current (Continuous) 


! C 


20 


20 


20 


Amps 


Base Current (Continuous) 


l B 


5 


5 


5 


Amps 


Power Dissipation 


P D 


85 


85 


85 


Watts 


Junction and Storage Temperature Range 


Tj & T stg 


-65 to +110° 


°C 



P D = 85 W 

l c = 20A 

V CBO = 80-1 40 V 




POWER-TEMPERATURE DERATING CURVE 




T c , CASE TEMPERATURE (°C) 
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Power Transistors 

2N2832 thru 2N2834 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 W C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Cutoff Current* 

< V CB =2V » I E = °) All Types 
(V CB = 80V, I E = 0) 2N2832 
(V CB = 120V, I E = 0) 2N2833 
(V CB = 140V, I E = 0) 2N2834 


^BO* 


— 


— 


0.3 
10 
10 
10 


mA 


Collector-Emitter Current* 
(V CE = 100V, V BE = 0) 2N2832 
(V C E = 140V, V BE = 0) 2N2833 
(V CE = 160V, V BE =0) 2N2834 


*CES* 


... 


— 


20 
20 
20 


mA 


Collector- Emitter Cutoff Current** 

< V CE = 50V » V BE = °* 2V » T C = +85 ° c ) 2N2832 
(V CE = 75V, V BE = 0.2V, T c = +85°C) 2N2833 

( V CE = 100V » V BE = °' 2V » *C = +85 ° c ) 2N2834 


*CEX** 


--- 


— 


40 
40 
40 


mA 


Emitter-Base Breakdown Voltage 
(I E = 50 mAdc, Iq = 0) 


BV EBO 


2 


— 


— 


Vdc 


Collector- Emitter Breakdown Voltage** 
(I E = 100 mA, I B = 0) 2N2832 

2N2833 
2N2834 


BV CEO(sus)** 


50 
75 
100 


— 


— 


Volts 


Emitter Floating Potential* 
(V CB = 80V, I E = 0) 2N2832 
(VCB = 120V, I E = 0) 2N2833 
(VCB = 140V, I E = 0) 2N2834 


V E fiF* 





— 


0.5 
0.5 
0.5 


Volts 


DC Current Transfer Ratio 
(IC =1.0 A, V C E = 2V) 
(IC = 10A, V CE = 2V) 


h FE 


50 
25 


75 


100 




Collector- Emitter Saturation Voltage 
(I c = 1.0 Adc, I B = 100 mAdc) 
(L. = 10 Adc, I B = 1.0 Adc) 
(I c = 20 Adc, I B = 2.0 Adc) 


V CE(sat) 





--- 


0.15 
0.30 
0.5 


Vdc 


Base- Emitter Saturation Voltage 
(IC = 1A, I B = 100 mAdc) 
(I c = 10 A, I B = lAdc) 
(IC = 20A, I B = 2 Adc) 


V— . 
v BE(sat) 






0.6 

0.75 

1.0 


Vdc 


Small Signal Current Gain 
(^ = 1.0 A, V CE = 10 V, f = 5mc) 


kfe 


2 


3.5 






Rise Time 






2 


4 


/xsec 


Storage Time 


l s 




3 


6 


/xsec 


Fall Time 


*f 




1 


2.5 


Msec 



* SWEEP TEST: 1/2 Sine Wave, 60 cps min 
** PULSE TEST: PW = 1 msec, 2% Duty Cycle 
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Power Transistors 




2N29 1 2 (GERMANIUM) l c ° = 25 a 

V CBO = 15 V 

PNP germanium, epitaxial -base, high-speed, power 
transistors for switching and power converter circuits 
operating from low-voltage power sources such as so- 
lar cells, thermo-electric generators, sea cells, fuel 
cells, and 1. 5 -volt batteries. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


15 


Volts 


Collector- Emitter Voltage 


v CEO 


6 


Volts 


Emitter-Base Voltage 


v EBO 


1.5 


Volts 


Collector Current (Continuous) 


l C 


25 


Amps 


Base Current (Continuous) 


% 


3 


Amps 


Power Dissipation 


Pd 


75 


Watts 


Operating Case Temperature Range 


T C 


-65 to +110 


°C 


Storage Temperature Range 


T stg 


-65 to +110 


°C 


Thermal Resistance 


#JC 
0C A 


1 

30 


°c/w 
°c/w 
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-Power Transistors- 



2N2912 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CE = 15 Vdc, V BE = 0.2 Vdc) 
(V CE = 6 Vdc, V BE = 0.2 Vdc, T c = 85°C) 


*CEX 




10 
15 


mAdc 


Collector-Base Cutoff Current 
(V CB = 2 Vdc, I E = 0) 


*CBO 


— 


0.2 


mAdc 


Emitter Floating Potential 
(V CB = 15 Vdc, I E = 0) 


^EBF 


— 


0.2 


Vdc 


Emitter Cutoff Current 
(V E B = 1.5 Vdc) 


^BO 




50 


mAdc 


Collector- Emitter Voltage* 
(I c = 500 mAdc, Ig = 0) 


V CEO* 


6 




Vdc 


DC Forward Current Transfer Ratio 
(V^ E = 2 Vdc, 1q = 10 Adc) 


h FE 


75 




— 


Collector- Emitter Saturation Voltage 
(Ic = 5 Adc, I B = 0.5 Adc) 
(IC = 25 Adc, I B = 2.5 Adc) 


V CE (sat) 




0.12 
0.5 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 25 Adc, I B = 2.5 Adc) 


V BE(sat) 




1.2 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 5 Adc, I B = 0.5 Adc) 


V BE (sat) 


— 


0.5 


Vdc 


Rise Time 

(I c = 5A, V CE = 10 V, I B (on) = 250 mA) 






2 


/isec 


Storage Time 
(I c = 5 A, V CE = 10 V, I B (Qn) = 250 mA) 


t 

l s 




2.5 




Fall Time 

(I c = 5 A, V CE = 10 V, V EB = 1. 5 V, R^ = 6 Ohms) 






2 


fi sec 


Common Emitter Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 
(V CE = 2 V, I c = 5 A, f = 1 mc) 




20 







♦Sweep Test 



PRF = 200 cps f I I 
PW = 50wsec \J I 




SWITCHING CIRCUIT 

O.lfi 

AA/V- 



2fi 
CARBON * 



1000 M f 



1000/if 



l B , = l n = 250 mA; l c = 5A 
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Power Transistors 



2N2912 (continued) 



SAFE AREA OF OPERATION 





\ \ 5 
H \msec 












^1 msec 


or less 






























iA ^ 


- 10 mA 
-J 



6 9 
V CE , VOLTS 



12 



15 



The safe operating area curve is 
applicable for all case tempera- 
tures. The thermal derating curve 
must also be observed to insure 
operation below maximum T,. 



§ 75 



50 
25 
0 



,35°C 



110°C 



"* 0 25 50 75 100 

T c , CASE TEMPERATURE (°C) 
POWER-TEMPERATURE DERATING CURVE 



2N3021 thru 2N3026 (SILICON) 



P D = 25W 

lc = 3 A 

V CBO = 30-60 V 



CASE 1 

(TO-3) 




PNP silicon power transistors for Class C power amp- 
lifiers, high-current core switching and high-speed 
switching and amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3021 
2N3024 


2N3022 
2N3025 


2N3023 
2N3026 


Unit 


Collector-Base Voltage 


V CB 


30 


45 


60 


Volts 


Collector- Emitter Voltage 


V CE 


30 


45 


60 


Volts 


Emitter-Base Voltage 


V EB 


4 


4 


4 


Volts 


Collector Current 


ic 


3 


3 


3 


Amps 


Base Current 


% 


0.5 


0.5 


0.5 


Amp 


Power Dissipation 


P D 


25 


25 


25 


Watts 


Junction Operating Temperature Range 


Tj 


65 to +175 ► 


°c 
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- Power Transistors - 



2 N 3021 thru 2N3026 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 



Symbol 



Emitter-Base Cutoff Current 
(V BE = 4 Vdc) 



All Types 



Collector-Emitter Cutoff Current 
(V C E = 25 Vdc, V BE = 2 Vdc) 
(V CE - 40 Vdc, V BE = 2 Vdc) 
(V CE = 54 Vdc, V BE = 2 Vdc) 
(V CE = 15 Vdc, V BE = 2 Vdc, T C = 
(V CE = 25 Vdc, V BE = 2 Vdc, Tq = 
(V C E = 35 Vdc, V BE = 2 Vdc, T c = 



150°C) 
150°C) 
150°C) 



2N3021, 2N3024 
2N3022, 2N3025 
2N3023, 2N3026 
2N3021, 2N3024 
2N3022, 2N3025 
2N3023, 2N3026 



0.2 
0.2 



Collector-Emitter Breakdown Voltage* 

(I c = 100 mAdc, I B = 0) 2N3021, 2N3024 

(I c = 50 mAdc, I B = 0) 2N3022, 2N3025 

(I c = 20 mAdc, I B = 0) 2N3023, 2N3026 



DC Current Gain 
(I c = 1.0 Adc, V CE = 2 Vdc) 



2N3021, 2N3022, 2N3023 
2N3024, 2N3025, 2N3026 



Collector-Emitter Saturation Voltage 
(I c = 3 Adc, I B = 0.3 Adc) 



2N3021, 2N3022, 2N3023 
2N3024, 2N3025, 2N3026 



Base- Emitter Saturation Voltage 
(I c = 3 Adc, I B = 0.3 Adc) 



Small Signal Current Gain 
(I c = 0.5 Adc, V CE = 15 Vdc, f = 30 mc) 



Switching Times (Figures 17 and 18) 
(I c = 1 Adc, I B1 = I B2 = 100 mAdc) 



100 
100 



♦Perform tests using sweep method to prevent heating. 



POWER-TEMPERATURE DERATING CURVE 



THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS | 5 
INDICATED BOTH LIMITS ARE APPLICABLE AND MUST BE s 
OBSERVED 



T c , CASE TEMPERATURE (°C) 



2N3021, 2N3024 











-50 /xsec 


























\ 






DC 












=5 msec 3 










- — 1 


































BV C 


o <a 


Ic 


= 10 


3 mA 

































































SAFE OPERATING AREAS 

2N3022, 2N3025 



2N3023, 2N3026 




V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate Ic-Vce limits below which the devices will not go into secondary breakdown. As the safe operating areas shown a 
independent of temperature and duty cycle, these curves can be used as long as the average power derating curve is also taken into consideration to insure 
operation below the maximum junction temperature. 
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-Power Transistors - 



2N3021 thru 2N3026 (continued) 

BASE-EMITTER SATURATION VOLTAGE VARIATIONS 





















































l c = 3 A 
























l c = 0.3 A 













'c — 


1 A 
















































































• -40°C 

- 25°C 

- 150°C 









100 

60 
40 

20 

I io 

£ 6 



20 40 60 80 100 200 

l„ BASE CURRENT (mA) 

COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS, 2N3021 thru 2N3023 



















! 1 

\ 1— 












\ 


























1 






















1 






-40°C 
• 25°C 
- 150°C 




















1 










1 i 












J 
























— 1 










:-t 
















-V V 
































1 1 














\ 






























V 








\ 


















lc 




A 






























= 0 


3 






lc=l A 
1 


1 













8 10 20 40 60 80 100 200 

1 1, BASE CURRENT (mA) 

COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS. 2N3024 thru 2N3026 



400 600 800 1000 















\ 


\ 
















\ 






\ 






















-A — 


























\ 




X 




\ 






















-V 
















\ 












\ 

\ 




s 


\ 


\ 








25°C 
150°C 












1 














\\ \ 


















V \ 
\\ 
\\ 




















\ 
























































^? 
















. s 


























lc 


= : 


j 






























= 0. 


3 A 










i c = i ; 

















1 2 4 6 8 10 

BASE CURRENT - VOLTAGE VARIATIONS 



20 40 60 80 100 200 400 600 800 1000 

l„ BASE CURRENT (mA) 

COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 





















































V« = 2V 


























































15 


o°c/ : 


5°C/ 


'-40°C 









































































0.6 0.8 1.0 1.2 

V„, BASE-EMITTER VOLTAGE (VOLTS) 



I 02 

g o.i 

_o .06 
.04 

.02 

.01 





















































V« = 2 V 




























































150°C / 


25°C/ 


/-40° 


; 

































































0.4 0.6 0.8 1.0 1.2 

V K , BASE-EMITTER VOLTAGE (VOLTS) 
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-Power Transistors- 



2N3021 thru 2N3026 (continued) 

CURRENT GAIN VARIATIONS. 2N3021 thru 2N3023 





150°C 


















































Vet = 2 V 






25°C 
























-40°C 















































0.4 0.6 0.8 1 

l C( COLLECTOR CURRENT (AMPS) 



CURRENT GAIN VARIATIONS, 2N3024 thru 2N3026 




0.4 0. 
I c , COLLECTOR 



0.8 1 
CURRENT (AMPS) 




RISE TIME FACTOR 

— i — i — m 



ACTIVE REGION TIME CONSTANT 



TTT 



RISE TIME (0 — 90%) t r = Tx /i f R 

p. = h fE AT EDGE OF SATURATION 

/3 f = l c IN SATURATION / l„ (BASE "ON" CURRENT) 



5 

Pop, 















































































Tj 




25 


°C 






























Vcc 


= 30 


1 








































IV 

































































0.4 0.6 0.8 1 
l ci COLLECTOR CURRENT (AMPS) 



SWITCHING TIME EQUATIONS 

Using charge control theory and data given with this transistor, switching times for a wide variety of conditions 
can be readily computed. 
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Power Transistors 



2N3021 thru 2N3026 (continued) 

TYPICAL SWITCHING TIMES 



JUNCTION CAPACITANCE VARIATIONS 




600 
s 400 

















































































































































































































c, b 
















Tj = 25°C 
































































































Cob 



























































































































































































































































I c , COLLECTOR CURRENT (AMPS) 



TOTAL CONTROL CHARGE VARIATION 



0.1 0.2 0.4 0.6 1 2 4 6 8 10 
REVERSE JUNCTION VOLTAGE (VOLTS) 









Ic 


= io_ 

= 25°C 




1 










_ 1. 

Tj 


V cc = 12 V - 












1 1 

2N302 


— 


2N3023 y / 




















































































































N302 


4 — 




026 




























0.2 0.5 1 

l c , COLLECTOR CURRENT (AMPS) 



Total Control Charge. When a transistor is held in a conductive 
state by a current, I B i, a charge, Q s , is developed in the active 
region. A charge, Qt, of opposite polarity, equal in magnitude, 
can be stored on an external capacitor, C, to neutralize the in- 
ternal charge and considerably reduce the turn-off time of the 
transistor. Given Qt from Figure 16A, the external C for mini- 
mum turn-off in any circuit is: C = Qt/V, where V is shown 
in the circuit above and is 1^^ R^.. 



TURN-ON TIME TEST CONDITIONS 

V in ADJUSTED TO l„ USING CURRENT PROBE. 12 V 
t, OF INPUT < 10 nsec. SCOPE < 5 nsec. 
Is. = 100 mA 





- 10% 


- 11 V 


\ 


- 90% 




t, 






TURN-OFF TIME TEST CONDITIONS 

INPUT PULSE v « ADJUSTED TO |„ USING 12 V <j 

CURRENT PROBE. T, < 10 nsec. 
+ gv PULSE WIDTH > 10 M sec 
| M = 100 mA 



t d IS MEASURED FROM 10% POINT OF V,„ 




V,. « + 9 V >— AA/V 

ioo n 






-A 


-90% 








r io% 




t, 










t f 





U IS MEASURED FROM 90% POINT OF V,„ 
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• Power Transistors- 



2N3055 (SILICON) y CB== J° A 0 V 

IC — IDA 

P D = 117W 




NPN silicon power transistors designed for switch- 
ing and amplifier applications. 



CASE 1 

(TO-3) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CB 


100 


Vdc 


Collector-Emitter Voltage 


V CE 


60 


Vdc 


Emitter-Base Voltage 


V EB 


7 


Vdc 


Collector Current (Continuous) 


r c 


15 


Adc 


Base Current (Continuous) 


r B 


7 


Adc 


Power Dissipation 


P D 


115 


Watts 


Thermal Resistance, Junction to Case 


°JC 


1.5 


°C/W 


Junction Operating Temperature Range 


T J 


-65°C to +200°C 


°C 
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Power Transistors 

2N3055 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Emitter -Base Cutoff Current 
(V EB = 7Vdc) 


*EBO 




5.0 


mAdc 


Collector Cutoff Current 

(V CB = 100 Vdc, V BE =1.5 Vdc) 

(V CE = 100 Vdc, V BE = 1. 5 Vdc, T c = 150°C) 


Z CEX 


- 


5.0 
30.0 


mAdc 


Collector-Emitter Sustaining Voltage* 
(I c = 200 mAdc, Ig = 0) 


V CEO(sus) 


60 




Vdc 


DC Current Gain 

(I c = 4.0 Adc, V CE = 4 Vdc) 

(I c = 10.0 Adc, V CE = 4 Vdc) 


h FE 


20 
5.0 


70.0 




Collector -Emitter Saturation Voltage 
(I c = 4. 0 Adc, l B = 0. 4 Adc) 

(I c = 10. 0 Adc, I B = 3.3 Adc) 


V CE(sat) 




1.1 
8.0 


Vdc 


Collector -Emitter Voltage* 
(I c = 200 mAdc, R BE = 100) 


V 

CER 


70 




Vdc 


Base -Emitter Voltage 

(I c = 4. 0 Adc, V CE = 4 Adc) 


v 

BE 




1.8 


Vdc 


Small Signal Current Gain 

(V CE = 4.0 Vdc, I c = 1.0 Adc, f = 1 kHz) 

(V CE = 4.0 Vdc, l c = 1.0 Adc) 


h. 

fe 

f hfe 


15 
20 




kHz 


Collector -Emitter Current 
(V CE = 30 Vdc, I B = 0) 


r CEO 




0.7 


mAdc 



♦Use sweep test to prevent overheating. 
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- Power Transistors- 



2N3232 (SILICON) Vc. = 55-60 V 

ne%nr . I c = 7.5-10 A 

2N3235 P d =117W 




NPN silicon power transistors designed for switch- 
ing and amplifier applications. 



(TO-3) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3232 


2N3235 


Unit 


Collector -Base Voltage 


v 

V CB 


60 


55 


Vdc 


Collector -Emitter Voltage 


V 

V CE 


60 


55 


Vdc 


Emitter -Base Voltage 


V EB 


6 


7 


Vdc 


Collector Current (Continuous) 


*c 


7.5 


10 


Adc 


Base Current (Continuous) 




3 


7 


Adc 


Power Dissipation 


P D 


115 


115 


Watts 


Thermal Resistance, Junction to Case 


*JC 


1.5 


1.5 


°C/W 


Junction Operating Temperature Range 


T J 


-65°C to +200°C 


°C 
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Power Transistors 1 

2N3232, 2N3235 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 P C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Emitter -Base Cutoff Current 

(V„ =6.0 Vdc) 
x EB ' 


2N3232 


: EBO 


- 


1.0 


mAdc 


(V EB = 7.0 Vdc) 


2N3235 






5. 0 




Collector-Emitter Cutoff Current 

(V n „ = 60 Vdc, V„„ =-1.5 Vdc) 
CE ' BE 

(V CE = 60 Vdc, V BE = -1.5 Vdc, T Q = 150°C) 


2N3232 
2N3235 
2N3232 


Z CEX 


- 
- 


1.0 
5.0 
1.0 
5.0 


mAdc 


Collector -Emitter Sustaining Voltage* 
(I c = 100 mAdc, I fi = 0) 


2N3232 
2N3235 


V * 
v CEO(sus) 


60 
55 


- 


Vdc 


Collector Current 

(V CE = 60 Vdc, I B = 0) 


2N3232 


: CEO 




10 


mAdc 


(V CE =55 Vdc, I B =0) 


2N3235 






10 




DC Current Gain* 

(I c = 1.5 Adc, V CE = 10 Vdc) 


2N3232 


h FE 


15 






(I c = 3.0 Adc, V CE = 10 Vdc) 


2N3235 




15 


75 




(I c = 2 Adc, V CE = 4 Vdc) 


2N3232 




20 






(I c = 4 Adc, V CE = 4 Vdc) 


2N3235 




20 


70 




Collector-Emitter Saturation Voltage 
(I c = 3.0 Adc, I B = 0.2 Adc) 


2N3232 


V CE(sat) 




2.5 


Vdc 


(I c = 4. 0 Adc, I B = 0. 4 Adc) 


2N3235 






1.1 




Base -Emitter Voltage* 

(I c = 3.0 Adc, V CE = 10 Vdc) 


2N3232 


V 

BE 




3.5 


Vdc 


(I c = 4.0 Adc, V CE = 4 Vdc) 


2N3235 






1.8 




Small Signal Current Gain 

(V CE = 10 Vdc, I c = 3.0 Adc, f = 1.0 MHz) 


2N3232 


h fe 


1.0 






(V CE = 4 Vdc, I c = 4.0 Adc, f = 1.0 MHz) 


2N3235 




1.0 







*Use sweep test to prevent overheating. 
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Power Transistors 



2N331 1 thru 2N3316 (GERMANIUM) P D = 170W 

l c = 5 A 
V CB0 = 30-60 V 




PNP germanium power transistors for high-power 
applications. 



CASE 5 

(TO-36) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3311 
2N3314 


2N3312 
2N331S 


2N3313 
2N3316 


Unit 


Collector-Base Voltage 


v CBO 


30 


45 


60 


Volts 


Collector- Emitter Voltage 


V CES 


30 


45 


60 


Volts 


Collector- Emitter Voltage 


V CEO 


20 


30 


40 


Volts 


Emitter-Base Voltage 


V EBO 


20 


25 


30 


Volts 


Collector Current (Continuous) 


l C 


5 


5 


5 


Amps 


Power Dissipation at T c = 25°C 


P D 


170 


170 


170 


Watts 


Junction Temperature Range 


T J 


-65 to +110 


°C 


Thermal Resistance 


djc 


0.5 


°c/w 



POWER-TEMPERATURE DERATING CURVE 



ITTS) 


170 




150 


z 

o 


125 


a. 


100 


</> 


75 


o 




i 


50 


o 
a. 


25 


a? 


0 



40 50 60 70 80 
, CASE TEMPERATURE (°C) 



The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110°C with a linear relation between 
the two temperatures such that: 

allowable P D = 110° - Tc 



0. 5 
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Power Transistors 

2N331 1 thru 2N3316 (continued) 



ELECTRICAL CHARACTERISTICS (At T c =25°C unless otherwise specified.) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 

< V CB = V CB max) 
(V CB = "2 Vdc, I E = 0) 


*CBO 




5.0 
0.3 


mAdc 


Collector Cutoff Current 
(V CE = 10 Vdc, I B = 0) 2N3311, 2N3314 
(V CE = 15Vdc,I B = 0) 2N3312, 2N3315 
(V CE = 20 Vdc, I B = 0) 2N3313, 2N3316 


! CEO 


— 


200 
200 
200 


mAdc 


Collector Cutoff Current 
(V C E = 25 Vdc, Vbe = 1 Vdc, 
T c = 100°C) 2N3311, 2N3314 
(Vce = 40 Vdc, V BE = 1 Vdc, 
T c = 100°C) 2N3312, 2N3315 
(V CE = 55 Vdc, V BE = 1 Vdc, 
T c = 100°C) 2N3313, 2N3316 


*CEX 


— 


35 
35 
35 


mAdc 


Emitter- Base Cutoff Current 
(veb = v EB max , 1q= 0) 


^BO 




4 


mAdc 


Collector- Emitter Breakdown Voltage* 

(Lq - oUU mAQC, V EB - U; ^INooil, SANOoll 

2N3312, 2N3315 
2N3313, 2N3316 


BV CES * 


30 
45 
60 


— 


Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 500 mAdc, I B = 0) 2N3311, 2N3314 

2N3312, 2N3315 

ZIMOolo, ZiNOOlO 


BV CEO* 


-20 
-30 
- 40 




Vdc 


Collector- Emitter Saturation Voltage 
(I c = 3 Adc, I B = 300 mAdc) 


V CE(sat) 




0.1 


Vdc 


Base- Emitter Voltage 
(I c = 3 Adc, V CE = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 


V BE 




u.o 
0.5 


Vdc 


DC Current Gain 
(I c = 3 Adc, V CB = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 
. (I c = 500 mAdc, V CB = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 


h FE 


60 
100 


120 
200 
150 
250 


— 


Small Signal Current Gain 
(I c = 3 Adc, V CE = 2 Vdc, 

f = 0.5 kc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 


hfe 


30 
40 


90 
120 




Common Emitter Cutoff Frequency 
(IC = 3 Adc, V CE = 2 Vdc) 


f ae 


1.0 




kc 



*To avoid excessive heating of the collector junction, 
perform these tests with an oscilloscope. 



6-101 



■Power Transistors- 



2N331 1 thru 2N3316 (continued) 



2N3311, 2N3314 (25 *secio4 




SAFE OPERATING AREA 



The Safe Operating Area Curves indicate the I C -V CE limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 
temperature and duty cycle, these curves can be used as long 
as the average power derating curve is also taken into con- 
sideration to insure operation below the maximum junction 
temperature. 
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Power Transistors 



2 N 3445 thru 2N 3448 (SILICON) 



P D = 115 W 
l c =7.5A 
Vcbo = 80-100 V 



CASE 1 1 

(TO-3) 




NPN silicon power transistors for switching and amp- 
lifier applications requiring fast response, wide band 
and good Beta linearity. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3445 
2N3447 


2N3446 
2N3448 


Unit 


Collector- Base Voltage 


V CB 


80 


100 


Volts 


Collector- Emitter Voltage 


V CE 


60 


80 


Volts 


Emitter-Base Voltage 


V EB 


6 


10 


Volts 


Collector Current 




7.5 


7.5 


Amps 


Base Current 


IB 


4.0 


4.0 


Amps 


Power Dissipation 


P D 


115 


115 


Watts 


Junction Operating Temperature Range 


Tj 


-65 to + 200 


OC 



POWER-TEMPERATURE 
DERATING CURVE 



These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 
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40 50 60 0 10 20 30 
V«, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



The Safe Operating Area 
Curves indicate I c — Vce 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum Tj, 
the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions. 
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Power Transistors 
2N3445 thru 2 N 3448 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25* C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Emitter-Base Cutoff Current 
(V EB = 6 Vdc) 
(V EB = 10 Vdc) 


2N3445, 2N3447 
2N3446, 2N3448 


^BO 


- 




0.25 
0.25 


mAdc 


Collector-Emitter Cutoff Current 
(V CE = 60 Vdc, V BE = -1 Vdc) 
(V CE = 60 Vdc, V BE = -1 Vdc, T c = 150°C) 
(Vc E = 80 Vdc, V BE = -1 Vdc) 
(V CE = 80 Vdc, V BE = -1 Vdc, T c = 150°C) 


2N3445, 2N3447 
2N3445, 2N3447 
2N3446, 2N3448 
2N3446, 2N3448 


*CEX 


- 


1 1 1 1 


0.1 
1.0 
0.1 
1.0 


mAdc 


Collector-Emitter Cutoff Current 
(V CE = 40 Vdc, I B = 0) 
(V CE = 60 Vdc, I B = 0) 


2N3445, 2N3447 
2N3446, 2N3448 


*CEO 


- 


- 


1.0 
1.0 


mAdc 


Collector-Base Breakdown Voltage 
(I c = 1 mAdc, I E = 0) 


2N3445, 2N3447 
2N3446, 2N3448 


BV CBO 


80 
100 




- 


Vdc 


Collector- Emitter Sustaining Voltage 
(Ic = 100 mAdc, I B = 0) 


2N3445, 2N3447 
2N3446, 2N3448 


V CEO(sus) 


60 
80 




— 


Vdc 


DC Current Gain 
(Iq = 0.5 Adc, V CE = 5 Vdc) 

(Ic = 3 Adc, V CE = 5 Vdc) 
(Id = 5 Adc, V C£ = 5 Vdc) 


2N3445, 2N3446 
2N3447, 2N3448 
2N3445, 2N3446 
2N3447, 2N3448 


h FE 


20 
40 
20 
40 


45 
85 
40 
75 


60 
120 




Collector-Emitter Saturation Voltage 
(Ic = 3 Adc, I B = 0.3 Adc) 
(I c = 5 Adc, I B = 0.5 Adc) 


2N3445, 2N3446 
2N3447^ 2N3448 


v CE(sat) 




0.6 
0.8 


1.5 
1.5 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 3 Adc, I B = 0.3 Adc) 
(I c * 5 Adc, I B = 0.5 Adc) 


2N3445, 2N3446 
2N3447, 2N3448 


^E-E (sat) 




1.0 
1.0 


1.5 
1.5 


Vdc 


Base-Emitter Voltage 
(I c = 3 Adc, V CE = 5 Vdc) 
(I c = 5 Adc, V CE = 5 Vdc) 


2N3445, 2N3446 
2N3447, 2N3448 


V BE 




1.0 
1.0 


1.5 
1.4 


Vdc 


Small Signal Current Gain 
(V CE = 10 Vdc, I c = 0.5 Adc, f = 1 kc) 

(V CE = 10 Vdc, Ic = 0.5 Adc, f = 10 mc) 


2N3445, 2N3446 
2N3447, 2N3448 
All Types 


h fe 


20 
40 
1.0 


1.6 


100 
200 




Common Base Output Capacitance 
(V CB = 10 Vdc, f = 0.1 mc) 


All Types 


C ob 




260 


400 




Switching Times 
(V cc = 25 Vdc, R L = 5 ohms, Iq = 5 A, I B1 = 
Delay Time plus Rise Time 
Storage Time 
Fall Time 


I B2 = 0.5 A) 


4 d +t r 
's 
tf 




0.15 
0.9 
0.15 


0.35 
2.0 
0.35 


usee 



COLLECTOR CURRENT versus BASE CURRENT 




6-104 



Power Transistors 

2N3445 thru 2N3448 (continued) 



CURRENT GAIN VARIATIONS 



1 1 

2N3445, 2N3446 
V CI = 5V 
























































_ + 25°C- 
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Power Transistors 



2N3445 thru 2N3448 (continued) 
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Power Transistors 1 



2N3487 thru 3492 (SILICON) 



V CB = 80-120 V 
l c = 7.5 A 
P D = 117W 



CASE 9 




NPN silicon power transistors designed for switch- 
ing and amplifier applications. 



(TO-61) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3487 
2N3490 


2N3488 
2N3491 


2N3489 
2N3492 


Unit 


Collector -Base Voltage 


V CB 


80 


100 


120 


Vdc 


Collector-Emitter Voltage 


V CE 


60 


80 


100 


Vdc 


Emitter -Base Voltage 


V EB 


10 


10 


10 


Vdc 


Collector Current (Continuous) 


l C 


7.5 


7.5 


7.5 


Adc 


Base Current (Continuous) 


l B 


4.0 


4.0 


4.0 


Adc 


Power Dissipation 


P D 


115 


115 


115 


Watts 


Thermal Resistance, Junction to Case 


*JC 


1.5 


1.5 


1.5 


°C/W 


Junction Operating Temperature Range 


T J 


-65°C to +200°C 


°C 
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Power Transistors 1 

2N3487 thru 2N3492 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Emitter -Base Cutoff Current 
(V EB = lOVdc) 




All Types 




*EBO 




0.10 


mAdc 


Collector-Emitter Cutoff Current 

(V - 60 Vdc V - -1 Vdc) 
CE ° » * ul./ 




2N3487 2N3490 




*CEX 


- 


25 


/LtAdc 


(V CE = 80 Vdc, V BE = -1 Vdc) 




2N3488, 2N3491 






- 


25 




(V CE = 100 Vdc, V BE = -lVdc) 




2N3489, 2N3492 








25 




(V^ = 60 Vdc. = -1 Vdc. T„ = 
CE ' BE ' C 

(V CE =80Vdc,V BE =-lVdc, T c = 


150°C) 
150°C) 


2N3487, 2N3490 
2N3488, 2N3491 








250 
250 




(V CE = 100 Vdc, V BE = -1 Vdc, T c = 


150°C) 


2N3489,2N3492 








250 




Collector-Emitter Cutoff Current 
(V CE = 40 Vdc, Ig = 0) 




2N3487, 2N3490 




X CEO 


- 


250 


fiAdc 


(V CE =60Vdc, Ig = 0) 




2N3488, 2N3491 








250 




(V CE = 80 Vdc, I B = 0) 




2N3489, 2N3492 








250 




Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, ^ = 0) 




2N3487, 2N3490 
2N3488, 2N3491 
2N3489,2N3492 




BV CBO 


80 
100 
120 




Vdc 


Collector-Emitter Sustaining Voltage 
(I c = 100 mAdc, Ig = 0) 




2N3487, 2N3490 
2N3488, 2N3491 
2N3489,2N3490 




V CEO(sus) 


60 
80 
100 


_ 


Vdc 


DC Current Gain 

(I c = 0. 5 Adc, V CE = 5 Vdc) 

(I c = 3.0Adc, V CE = 5 Vdc) 

(I c = 5.0 Adc, V CE = 5 Vdc) 




2N3487, 2N3488, 2N3489 
2N3490, 2N3491, 2N3492 
2N3487, 2N3488 

2N3489 

2N3490,2N3491 

2N3492 


h FE 


20 
40 
20 
15 
40 
30 


60 
45 
120 
90 


- 


Collector -Emitter Saturation Voltage 
(I c = 1 Adc, I B = 0.1 Adc) 




All Types 




V CE(sat) 




0.3 


Vdc 


(I c = 3 Adc, I B = 0. 3 Adc) 
(I c = 5 Adc, I B = 0. 5 Adc) 




2N3487, 2N3488, 2N3489 
2N3490,2N3491,2N3492 
2N3490, 2N3491, 2N3492 




- 


1.2 
1.0 
1.5 




Base -Emitter Saturation Voltage 
(I c = 3 Adc, I B = 0. 3 Adc) 




2N3487,2N3488, 


2N3489 


V BE(sat) 




1.5 


Vdc 


(I c = 5 Adc, I B = 0. 5 Adc) 




2N3490,2N3491, 


2N3492 




- 


1.5 




Base -Emitter Voltage 
(I c = 3 Adc, V CE = 5 Vdc) 




2N3487,2N3488, 


2N3489 


V BE 


- 


1.5 


Vdc 


(I c = 5 Adc, V CE = 5 Vdc) 




2N3490,2N3491, 


2N3492 






1.4 




Small Signal Current Gain 

(V CE = 10 Vdc, I c = 0. 5 Adc, f = 1 kHz) 

(V CE = 10 Vdc, I c = 0. 5 Adc, f = 10 MHz) 


2N3487,2N3488,2N3489 
2N3490, 2N3491, 2N3492 
All Types 


h fe 


20 
40 
1.0 


100 
200 




Common Base Output Capacitance 
(V CB = 10 Vdc, f = 0. 1 MHz) 




All Types 




C ob 




400 


pF 


Switching Times 

(V cc * 25 Vdc, R L = 5i2 , I c = 5 Adc 




I B2 = 0. 5 Adc) 










MS 


Delay Time plus Rise Time 








V'r 




0.35 


MS 


Storage Time 








*8 




2.0 




Fall Time 








H 




0.35 
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• Power Transisfors- 



2N3487 thru 2N3492 (continued) 



FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 




25 



50 75 100 125 150 

T c , Case Temperature (°C) 



FIGURE 2 — DC CURRENT GAIN versus COLLECTOR CURRENT 
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FIGURE 3— FIGURE 4— FIGURE 5 — 
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Power Tra nsistors - 

2N361 1 thru 2N3614 (GERMANIUM) 




P D = 85W 

lc = 7A 

Vcbo = 40-60 V 



CASE 11,16 

(TO-3, 41) 

For units with solder lugs attached, specify 
devices MP3611etc. (TO-41 package) 

MAXIMUM RATINGS 



PNP germanium power transistors for switching and 
amplifier applications. 



Wlldl dblCI ISllbd 


OJIIIUUI 


2N3611 
2N3613 


2N3612 
2N3614 


Unit 


Collector- Emitter Voltage 


V CES 


30 


45 


Vdc 


Collector- Emitter Voltage (Open Base) 


V CEO 


25 


35 


Vdc 


Collector-Base Voltage 


V CBO 


40 


60 


Vdc 


Emitter -Base Voltage 


V EBO 


20 


30 


Vdc 


Collector Current (Continuous) 




7 


Adc 


Peak Collector Current (PW ^ 5 msec) 


% 


15 


Adc 


Base Current (Continuous) 


% 


2 


Adc 


Storage Temperature Range 


T stg 


-65 to +110 


°C 


Operating Case Temperature Range 


T C 


-65 to +110 


°C 


Total Device Dissipation @ T c = 25°C 
Derate above T c = 25°C 


P D 


85 
1 


Watts 
W/°C 


Thermal Resistance, Junction to Case 


OJC 


1.0 


°C/W 


Thermal Resistance, Case to Ambient 


oca 


32.7 


°c/w 



SAFE OPERATING AREAS 



2N3611 and 2N3613 



2N3612 and 2N3614 




5 10 15 20 25 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate 
Ic-V C e limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BV CES voltage limit only if the collector 



5 10 15 20 25 30 35 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
current has been reduced to 20 mA or less before or 
at the BV CKS limit; then and only then may the load 
line be extended to the absolute maximum voltage rat- 
ing of BV cro . To insure operation below the maximum 
Tj, the power-temperature derating curve must be ob- 
served for both steady state and pulse power condi- 
tions. 
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-Power Transistors — — 

2N361 1 thru 2N3614 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristics 


Symbol 


Mln 


Max 


Unit 


Collector-Emitter Breakdown Voltage* 

(I„ = 250 mAdc) 
x C ' 


2N3611, 2N3613 
2N3612, 2N3614 


BV CES* 


30 


- 


Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 500 mAdc) 


2N3611, 2N3613 
2N3612, 2N3614 


BV CEO* 


35 


- 


Vdc 


Floating Potential 

(V„„ = V„„ max) 
V CB CB ' 


All Types 


v 

EBF 




1.0 


Vdc 


Collector-Emitter Leakage Current 
(V CE = l/2V CEO max) 


All Types 






30 


mAdc 


Collector-Emitter Leakage Current 

< V CE = V CE maX > V BE = 1 - 0Vdc > T C = 


+100°C) 

All Types 


r CEX 








Collector-Base Cutoff Current 
(V CB =2Vdc) 


All Types 


r CBO 




.040 


mAdc 


(V CB = 25 Vdc) 


2N3611, 2N3613 




- 


0.5 




(V CB = 40 Vdc) 


2N3612, 2N3614 






0. 5 




(V CB = V CB max) 


All Types 




- 


5.0 




Emitter -Base Cutoff Current 

(V™ = V^ max) 
v EB EB 


All Types 


^BO 




500 


jiAdc 


(V EB = 12Vdc) 


All Types 




- 


100 




Collector-Emitter Saturation Voltage 
(I c = 3 Adc, I B = 300 mAdc) 


All Types 


V CE(sat) 




0.25 


Vdc 


(I c = 7 Adc, I B = 700 mAdc) 


All Types 




— 


0.35 




Base -Emitter Saturation Voltage 
(I c = 3 Adc, I B = 300 mAdc) 


2N3611, 2N3612 
2N3613, 2N3614 


V BE(sat) 


- 


0.7 
0.6 


Vdc 


(I c = 7 Adc, I B = 700. mAdc) 


2N3611, 2N3612 
2N3613, 2N3614 






1.1 

0.9 




Transconductance 

(I c = 3 Adc, V CE = 2 Vdc) 


2N3611, 2N3612 
2N3613, 2N3614 


g FE 


3.0 
3.5 




mhos 


Small Signal Current Gain 

(I c = 0. 5 A, V CE = 12 V, f = 20 kc) 


All Types 


h fe 


15 






(I c = 0. 5 A, V CE = 2 V, f = 1 kc) 


2N3611, 2N3612 
2N3613, 2N3614 




40 
60 


100 
150 




DC Current Gain 

(I c = 3 Adc, V CE = 2 Vdc) 


2N3611, 2N3612 
2N3613, 2N3614 


h FE 


35 
60 


70 
120 




(I c = 7 Adc, V CE = 2 Vdc) 


2N3611, 2N3612 
2N3613, 2N3614 




20 
30 







*Sweep Test: 1/2 sine wave, 60 cps 



POWER-TEMPERATURE DERATING CURVE 



These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 





& Ia 
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Power Transistors 



2N361 1 thru 2N3614 (continued) 



COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 




0 0.2 0.4 0.6 0.8 1.0 0.3 0.5 0.7 1.0 2.0 3.0 5.0 6.0 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) | Ct COLLECTOR CURRENT (AMPS) 



DC CURRENT GAIN versus COLLECTOR CURRENT 
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COLLECTOR EMITTER SATURATION VOLTAGE VARIATIONS 
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Power Transistors - 

2N3615 thru 2 n36 18 (GERMANIUM) 



P D = 85W 
| C = 7A 

Vcbo = 80-100V 




PNP germanium power transistors for switching and 
amplifier applications. 



CASE 1 1,16 

(TO-3,41) 

For units with solder lugs attached, specify 
devices MP3615 etc. (TO-4 package) 

MAXIMUM RATINGS 



Characteristics 


Symbol 


2N3615 
2N3617 


2N3616 
2N3618 


Unit 


Collector-Emitter Voltage 


V CES 


60 


75 


Vdc 


collector— iLmitLcjr vvjiutgc 
(Open Base) 


v 

v CEO 


50 


60 


Vdc 


Collector-Base Voltage 


V CBO 


80 


100 


Vdc 


Emitter-Base Voltage 


v 

v EBO 


40 


50 


Vdc 


Collector Current (Continuous) 


J C 




7 


Adc 


Peak Collector Current 
(PW i 5 msec) 


*C 


15 


Adc 


Base Current (Continuous) 


IB 


2 


Adc 


Storage Temperature 


T stg 


-65 to + 110 


°C 


Operating Case Temperature 


T C 


-65 to + 110 


U C 


Total Device Dissipation 
@T C = 25°C 
Derate above 25°C 


P D 


85 
1 


Watts 
W/°C 


Thermal Resistance, 
Junction to Case 


0 JC 


1.0 


°C/W 


Thermal Resistance, 
Case to Ambient 


0CA 


32.7 


°C/W 



@T A @T c 



POWER-TEMPERATURE DERATING CURVE 




These transistors 
Both limits are 



50 75 

TEMPERATURE (°C) 
are also subject to safe area curves, 
applicable and must be observed. 



125 
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Power Transistors 

2N3615 thru 2N3618 (continued) 



ELECTRICAL CHARACTERISTICS (at T c = 25°C unless otherwise specified) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Breakdown Voltage* 
(I c = 250 mAdc) 


2N3615, 2N3617 
2N3616, 2N3618 


BV CES* 


60 
75 


- 


Vdc 


Collector -Emitter Breakdown Voltage* 
(I c = 300 mAdc) 


2N3615, 2N3617 
2N3616, 2N3618 


BV CEO* 


50 
60 


- 


Vdc 


Floating Potential 
< V CB = V CB max) 


All Types 


v 

EBF 




1.0 


Vdc 


Collector -Emitter Leakage Current 
(V C£ = 1/2 V CEQ max) 


All Types 


r CEO 


- 


30 


mAdc 


Collector -Emitter Leakage Current 

< V CE = V CE max.VBfi-l.0Vdc, T c = 


+100°C) 

All Types 


J CEX 


_ 


10 


mAdc 


Collector-Base Cutoff Current 
(V CB =2Vdc) 


All Types 


r CBO 


- 


.060 


mAdc 


(V CB = 55 Vdc) 


2N3615, 2N3617 






1.0 




(V QB = 65 Vdc) 


2N3616, 2N3618 




- 


1.0 




(V CB = V CB max) 


All Types 






5. 0 




Emitter -Base- Cutoff Current 
< V EB = V EB maX > 


All Types 


^BO 




500 


jiAdc 


(V £B = 12 Vdc) 


All Types 






100 




Collector-Emitter Saturation Voltage 
(I c = 3 Adc, I B = 300 mAdc) 


All Types 


V CE(sat) 


- 


0.25 


Vdc 


(Lj = 7 Adc, I B = 700 mAdc) 


All Types 






0. 35 




Base-Emitter Saturation Voltage 
(I c = 3 Adc, Ig = 300 mAdc) 


2N3615, 2N3616 
2N3617, 2N3618 


V BE(sat) 




0.7 
0.6 


Vdc 


(I c = 7 Adc, I B = 700 mAdc) 


2N3615, 2N3616 
2N3617; 2N3618 






1.1 
0.9 




Tr ansc onductance 

(I C = 3A, V CE -2V) 


2N3615, 2N3616 
2N3617, 2N3618 


g FE 


3.0 
3.5 




mhos 


Small Signal Current Gain 

(I c = 0. 5 A, V CE = 12 V, f = 20 kc) 


All Types 


h fe 


15 






(I c = 0. 5 A, V CE = 2 V, f = 1 kc) 


2N3615, 2N3616 
2N3617, 2N3618 




40 
60 


100 
150 




DC Current Gain 

(I c = 3 Adc, V CE = 2 Vdc) 


2N3615, 2N3616 
2N3617, 2N3618 


h FE 


30 
45 


60 
90 




(I c = 7 Adc, V CE = 2 Vdc) 


2N3615, 2N3616 
2N3617, 2N3618 




20 
30 






Current-Gain — Bandwidth Product 




f T 


Typ 


kc 


(I c =.5 Adc, V CE = 2 Vdc) 


All Types 


600 



♦Sweep Test: 1/2 sine wave, 60 cps 
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- Power Transistors - 



2N3615 thru 2N3618 (continued) 

SAFE OPERATING AREAS 



2N3615and 2N3617 



2N3616and2N3618 




10 20 30 40 50 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE The Safe Operating Area Curves indicate 
Ic-Vck um i ts below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BV CES voltage limit only if the collector 



0 0 10 20 30 40 50 60 70 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

current has been reduced to 20 mA or less before or 
at the BV ( .,. ;S limit; then and only then may the load 
line be extended ta the absolute maximum voltage rat- 
ing of BV cbo . To insure operation below the maximum 
T,, the power-temperature derating curve must be ob- 
served for both steady state and pulse power condi- 
tions. 



DC CURRENT GAIN versus COLLECTOR CURRENT 




0 1 I I I I I I II 11 1 I I I 1 1 I I I I II I I I I I I I I 

0.01 0.015 0.02 0.03 0.05 0.L 0.15 0.2 0.3 0.5 1.0 1.5 2.0 3.0 5.0 10.0 

!c. COLLECTOR CURRENT (AMPS) 
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Power Transistors 

2N361 5 thru 2N361 8 (continued) 



COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE BASE CURRENT versus BASE-EMITTER VOLTAGE 




0 0.2 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 



Y,E, BASE-EMITTER VOLTAGE (VOLTS) V BEl BASE-EMITTER VOLTAGE (VOLTS) 



NOTE 1 — Dotted line indicates Metered Base Current plus the I cuo of the transistor at 100°C. 



COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 




0.3 0.5 0.7* 1.0 2.0 3.0 5.0 7.0 0 .3 0.2 0.1 0 -0.1 -0.2 -0.3 

lc, COLLECTOR CURRENT (AMPS) Vbe, BASE-EMITTER VOLTAGE (VOLTS) 
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Power Transistors 

2N371 3 thru 2N371 6 (SILICON) f = «£ W 

V CBO = 80-100V 




NPN silicon power transistors for medium- speed 
switching and amplifier applications. Complementary 
to PNP types 2N3789 thru 2N3792. 



CASE 11 

(TO-3) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3713 
2N3715 


2N3714 
2N3716 


Unit 


Collector-Base Voltage 


V CBO 


80 


100 


Volts 


Collector- Emitter Voltage 


V CEO 


60 


80 


Volts 


Emitter-Base Voltage 


V EBO 


7 


7 


Volts 


Collector Current 


*C 


10 


10 


Amps 


Base Current 


J B 


4.0 


4.0 


Amps 


Power Dissipation 


P D 


150 


150 


Watts 


Thermal Resistance 


e JC 


1.2 


1.2 


°C/W 


Operating Junction and 
Storage Temperature Range 


Tj and 
T stg 


-65 to +200 


°C 



2N3713, 2N3715 



SAFE OPERATING AREAS 



2N3714, 2N3716 












x 






===s - 500 usee — 
==-—250 usee — 
















\ 1 


1 

usee — 




DC to 5 mse 










rV- < 5C 
















\ 










In 


isec 





















































































































50 60 70 0 10 20 30 40 50 60 70 80 90 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate I r — V rK limits cant change in these safe areas.) To insure operation below 

below which the device will not go into secondary break- the maximum T t) , the power-temperature derating curve 

down. Collector load lines for specific circuits must fall must be observed for both steady state and pulse power 

within the applicable Safe Area to avoid causing a collector- conditions, 
emitter short. (Duty cycle of the excursions make no signifi- 
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Power Transistors 



2N3713 thru 2N3716 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25° C unless otherwise noted) 



Characteristic 


Types 


Symbol 


Min 


Max 


Unit 


Emitter-Base Cutoff Current 
(V EB = 7 Vdc) 


All Types 






5 


mAdc 


Collector-Emitter Cutoff Current 
(V C£ = 80 Vdc, V BE = -1.5 Vdc) 
(V CE = 100 Vdc, V B£ «= -1.5 Vdc) 
(V CE = 60 Vdc, V BE = -1.5 Vdc, T c - 150°C) 
(V CE =80 Vdc, V BE = -1.5 Vdc, T c = 150°C) 


2N3713, 2N3715 
2N3714, 2N3716 
2N3713, 2N3715 
2N3714, 2N3716 


*CEX 


1 1 1 1 


1 
1 

10 
10 


mAdc 


Collector-Emitter Sustaining Voltage* 
(1q = 200 mA.dc, I fi = 0) 


2N3713, 2N3715 
2N3714, 2N3716 


V CEO(sus)* 


60 
80 




Vdc 


DC Current Gain 
(Jq = 1 Adc, VcE = 2 vdc ) 

(Ij, = 3 Adc, V CE = 2 Vdc) 


2N3713, 2N3714 
2N3715, 2N3716 
2N3713, 2N3714 
2N3715, 2N3716 


n FE * 


25 
50 
15 
30 


90 
150 


- 


Collector-Emitter Saturation Voltage * 
(1q = 5 Adc, Ig = 0.5 Adc) 


2N3715, 2N3716 


V CE(sat) * 




1.0 

o!e 


Vdc 


Base-Emitter Saturation Voltage * 
Qq = 5 Adc, I B = 0.5 Adc) 


2N3713, 2N3714 
2N3715, 2N3716 


v BE(sat) * 




2.0 
1.5 


Vdc 


Base- Emitter Voltage* 
(Ic = 3 Adc, V CE = 2 Vdc) 

Small Signal Current Gain 
(Vce = 10 Vdc » *C = 0,5 Adc » ' = 1 mc ) 


All Types 
All Types 


V BE* 
hfe 


4 


1.5 


Vdc 


Switching Times 
(I c =5 A,I B1 = I B2 =0.5 A) 
Rise Time 
Storage Time 
Fall Time 






Typ 


Msec 




tr 
*s 
tf 


0.45 

0.3 

0.4 





•Use sweep test to prevent overheating 
Co 1.4 



COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 



b 






I 



















-ft 




















_ 

25°C 








\ 






































1 


























H 


































i 


























— — — 1U 1/ 

175°C 












































SEE NOT 




1 


























V 
















r l c = 5A- 




4- 






























































































































c - 


3A 














\ 

' -X 


















y i c =ia 

































































50 70 100 200 300 

It, BASE CURRENT (mA) 

BASE-EMITTER SATURATION VOLTAGE VARIATIONS 



500 700 1000 























































































)l,Ic^5A. 


















































































= 


A- 


























































































Tj 


°C 




























• l c = 1A 














25 












































40 

175 


°c — 

°C 










































"SEE NOTE 2 



















































































































































































l l( BASE CURRENT (mA) 
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• Power Transistors - 



2N3713 thru 2N3716 (continued) 

COLLECTOR CURRENT versus BASE CURRENT 



| 1.0 

| 0.7 

5 0.5 

« 0.3 



0.03 
0.02 





mm 


























WJ713, 2N3714 










































































































> 
c 




























































































- 


























-A 




























Tj 


= 1 


75°C 


1 












SEE NO 


TES 


2V 
1,2 












25°C j / 


























-40°C 






















/ 


























> 






t 




















/ 

-i— 




/ 

























| 1.0 
I 0.7 



I 03 

S 0.2 

S . 0.1 

_y 

0.07 
0.05 

0.03 
0.02 





























2N371S.2N371I 










































































































































































































































T 




175 


















v« 

SEE NO 


= 2 
TES 


V 
1 


2 








]25°C^ 






























ti / 

-40°( 






















































/- 


























—t- 


1 





























0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 
I,, BASE CURRENT (mA) 
BASE CURRENT-VOLTAGE VARIATIONS 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 
It, BASE CURRENT (mA) 

COLLECTOR CURRENT-VOLTAGE VARIATIONS 




0.8 1.2 1.6 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 



0.4 0.8 1.2 

Vie, BASE-EMITTER VOLTAGE (VOLTS) 



NOTE 1. Dotted line indicates metered base current plus the Icbo of the transistor at 175*C . 
NOTE 2. Pulse test : pulse width 200 /isec, duty cycle ^ 1.5% 



TEST CIRCUIT 
t ~ 30 msec lc= 5A,I„ = |„ = 0.5A 

i M ~J U/t sec ^ f« 150 cps DUTY CYCLE « 2% 

WAVE SHAPE 
AT POINT A 




+30V 



4.8+ 

1.7 msec msec 




TYPICAL SWITCHING TIMES 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 

l c , COLLECTOR CURRENT (AMPS) 
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—Power Transistors 
2N3713 thru 2N3716 (continued) 
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Power Transistors 



2N37 19 (SILICON) 

2n3720 




CASE 31 

(TO-5) 



MAXIMUM RATINGS 



P D =1 W 

l c = 3A 

V CBO = 40-60 V 



PNP silicon annular power transistors for high- 
speed, high-current switching in core, driver and 
Class C power applications. 

Collector connected to case 



Characteristic 


Symbol 


2N3719 


2N3720 


Unit 


Collector -Base Voltage 


V CBO 


40 


60 


Volts 


Collector- Emitter Voltage 


V CEO 


40 


60 


Volts 


Emitter -Base Voltage 


V EBO 


4 


4 


Volts 


Collector Current — Continuous 
Collector Current — Peak 


*c 


3 

10 


3 

10 


Amps 
Amps 


Base Current 




0.5 


0.5 


Amp 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


1.0 
5.72 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


6 

34.3 


Watts 
mW/°C 


Operating Junction and Storage 
Temperature Range 


Tj and 
T stg 


-65 to +200 


°C 



2N3719 



SAFE OPERATING AREAS 



2N3720 




30 40 0 10 20 

Vcf, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Power Transistors 

2N3719 and 2N3720 (continued) 



ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Leakage Current 
(V CE = 40 Vdc, V B e = 2 Vdc) 


2N3719 


*CEX 




10 


/i Adc 


( V CE = 60 Vdc > V BE = 2 Vdc ) 


2N3720 






10 




Collector-Base Cutoff Current 
(V CB = 40 Vdc, I E = 0, T A = 25°C) 


2N3719 


*CBO 


I 


.010 


mAdc 


(V CB = 40 Vdc, I E = 0, T A = 150°C) 


2N3719 






1 




(V CB = 60 Vdc, I E = 0, T A = 25°C) 


2N3720 






.010 




(V CB = 60 Vdc, I E = 0, T A = 150°C) 


2N3720 






1 




Emitter-Base Cutoff Current 
(V BE = 4 Vdc, Ic = 0) 


! EBO 


- 


1 


mAdc 


DC Current Gain* 
(IC = 500 mA, V CE = 1.5 V, T A = 25°C) 




h FE * 


20 






(IC = 1 A, V CE = 1.5 V, T A = 25°C) 






25 


180 




(IC = 1 A, V CE = 1.5 V, T A = -40°C) 






15 


— 




Collector-Emitter Saturation Voltage* 
(I c = 1 A, I B = 100 mA, T A = -40 to + 100°C 




v CE(sat)* 


— 


0.75 


Volts 


(IC = 3 A, I B = 300 mA, T A = 25°C) 








1.5 




Base-Emitter Saturation Voltage* 
(I C = 1 A, I B = 100 mA) 




V BE(sat)* 






Volts 


(IC = 3 A, I B = 300 mA) 






- 


2.3 




Collector-Emitter Breakdown Voltage* 
(I c = 20 mA, I B = 0) 


2N3719 
2N3720 


BV CEO* 


40 
60 




Volts 


Collector Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




120 


pi 


Input Capacitance 
(V BE = 0.5 Vdc, Ic = 0, f = 100 kc) 






1000 


Pi 


Current-Gain — Bandwidth Product 
(V CE = 10 Vdc, Ic = 500 mAdc, f = 30 mc) 


f T 


60 




mc 


Delay Plus Rise Time 
(IC = 1 Adc, I B1 = 100 mA) 


ton 




75 


nsec 


Storage Time 
(Ic = 1 Adc, I B i = I B 2 = 100 mA) 


*s 




150 


nsec 


Fall Time 
(IC = 1 Adc, I B1 = I B2 = 100 mA) 


k 




75 


nsec 



* Pulse Test: PW g 300 p. sec, Duty Cycle ^2% 
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Power Transistors 

2N3719, 2N3720 (continued) 



BASE EMITTER SATURATION VOLTAGE VARIATIONS 




l„ BASE CURRENT (mA) 



COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 




CURRENT GAIN VARIATIONS 





150°C 
























25°C 


















Vci = 2 V 






























-40°C 















































0.1 0.2 0.4 0.6 0.8 1 2 4 

l c , COLLECTOR CURRENT (AMPS) 
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-Power Transistors - 



2N3719 and 2N3720 (continued) 



BASE CURRENT - VOLTAGE VARIATIONS 



COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 





















































V« = 2 V 


















































1! 


o°c/ 2 


5°C/ ; 


-40°C 



































































10 
6 
4 

I 2 

5 1 
I 0.6 
3 0.4 

I 0.2 



_o. .06 
.04 



0.6 0.8 1.0 1.2 

V„, BASE-EMITTER VOLTAGE (VOLTS) 





















































V a = 2 V 




























































150°C/ 


25°c/ 


/-AO 0 


: 

































































0.6 0.8 1.0 1.2 

V K , BASE-EMITTER VOLTAGE (VOLTS) 



TYPICAL SWITCHING TIMES 



TOTAL CONTROL CHARGE VARIATION 




0.000 

0,000 
0,000 

0,000 








l c 


-= 10_ 
= 25°C 




I 










- 1 




V CC - I* V ■ 












1 1 

2N3719 






































































































5000 






































































3000 






2N37: 


0 







































0.5 1.0 
lc, COLLECTOR CURRENT (AMPS) 



0.2 0.5 1 

lc, COLLECTOR CURRENT (AMPS) 
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■Power Transistors- 



2N3738 (SILICON) 

2n3739 




P D = 20W 
lc=3A 

V CEO = 2 25-300 V 



CASE 80 

(TO-66) 




High- voltage NPN silicon power transistors, de- 
signed for use in line operated equipment such as audio 
output amplifiers; low-current, high-voltage converters; 
and AC line relays, feature excellent dc gain. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N3738 


2N3739 


Unit 


Collector- Base Voltage 


V CB 


250 


325 


Vdc 


Emitter -Base Voltage 


V EB 


6 


6 


Vdc 


Collector- Emitter Voltage 


V CEO 


225 


300 


Vdc 


Collector Current (Continuous) 


*c 


3 


Adc 


Collector Current (Peak) 


*c 


3 


Amps 


Base Current 


% 


250 


mAdc 


Total Device Dissipation @ T r = 25° C 
Derate above 25°C c 


P D 


20 
0.133 


Watts 
W/°C 


Thermal Resistance 


0JC 


7.5 


°C/W 


Junction Operating and Storage 
Temperature Range 


T J> T stg 


-65 to +175 


°C 
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Power Transistors 



2N3738, 2N3739 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector- Emitter Sustaining Voltage* 

U£ - 0 ttlAuC, 1 B - U; 


ZINo too 

2N3739 


V CEO(sus)* 


225 
300 


— 


Vdc 


Emitter-Base Cutoff Current 
(V FR = 6 Vdc) 


Both Types 


J EBO 




0.1 


mAdc 


Collector Cutoff Current 
(VcE = 250 vdc » V BE = L5 Vdc) 
(V CE = 300 Vdc, V BE =1.5 Vdc) 


2N3738 
2N3739 


! CEX 




0.5 
0.5 


mAdc 


(V CE = 125 Vdc, V BE = 1.5 Vdc, T c = 100°C) 
(V CE = 200 Vdc, V BE = 1.5 Vdc, T c = 100°C) 


2N3738 
2N3739 






1.0 
1.0 




Collector- Emitter Cutoff Current 
(V CE = 125 Vdc, I B = 0) 


2N3738 


^EO 




0.25 


mAdc 


(V CE = 200 Vdc, I B = 0) 


2N3739 






0.25 




Collector-Base Cutoff Current 
(V CB = 250 Vdc, I E = 0) 


2N3738 


*CBO 




0.1 


mAdc 


(V CB = 325 Vdc, I E = 0) 


2N3739 






0.1 




ON CHARACTERISTICS 


DC Current Gain * 
(I c = 50 mAdc, V CE = 10 Vdc) 


Both Types 


n FE * 


30 






(I c = 100 mAdc, V CE = 10 Vdc) 


Both Types 




40 


200 




(I c = 250 mAdc, V CE = 10 Vdc) 


Both Types 




25 






Collector- Emitter Saturation Voltage * 
(I c = 250 mAdc, I B = 25 mAdc) 


Both Types 


V CE(sat)* 




2.5 


Vdc 


Base-Emitter Voltage * 
(I c = 100 mAdc, V CE = 10 Vdc) 


Both Types 


V BE * 




1.0 


Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 100 mAdc, V CE = 10 Vdc, f = 10 mc) 


Both Types 


f T 


15 




mc 


Common Base Output Capacitance 
(V C B = 100 Vdc, I c = 0 , -f = 100 kc) 


Both Types 


c ob 




20 




Small Signal Current Gain 
(I c = 100 mAdc, V CE = 20 Vdc, f = 1 kc) 


Both Types 


h fe 


35 







♦PULSE TEST: PW < 300 /xsec, Duty Cycle < 2% 



The Safe Operating Area Curves indicate 
Ic-Vce limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVcto voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BVceo limit; then and only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BVcio. To 
insure operation below the maximum Tj, 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



ACTIVE REGION SAFE AREAS 




o.oi i 1 1 I I I I I I I I 111 I I 

0 40 80 120 160 200 240 280 300 
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Power Transistors 



2N3738, 2N3739 (continued) 



CURRENT GAIN 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

l c , COLLECTOR CURRENT (mA) 
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Power Transistors 



2N3738, 2N3739 (continued) 



LARGE SIGNAL CHARACTERISTICS 



CUT-OFF CHARACTERISTICS 



TRANSCONDUCTANCE 



TRANSCONDUCTANCE 
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INPUT ADMITTANCE 
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Power Transistors 



2N3740 (SILICON) 

2n3741 



Medium- power PNP transistors, ideal for use as 
drivers, switches and direct replacement of germani- 
um medium-power devices, feature low saturation 
voltage and excellent safe area limits. 



MAXIMUM RATINGS 



Characteristics 


Symbol 


2N3740 


2N3741 


Unit 


Collector-Base Voltage 


v 

V CB 


60 


80 


Vdc 


Emitter-Base Voltage 


v 

EB 


7 


7 


Vdc 


Collector- Emitter Voltage 


v 

v CEO 


60 


80 


Vdc 


Collector Current (Continuous) See Figure 2 


*c 


4 


Adc 


Collector Current (Peak) See Figure 2 


*c 


4 


Adc 


Base Current (Continuous) 


l B 


2 


Adc 


Total Device Dissipation @ T p = 25 °C 
Derate Above 25° C ^ 


P D 


25 
0.143 


Watts 
W/°C 


Junction Operating and Storage 
Temperature Range 


T T 
J' stg 


-65 to +200 


°C 



FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 




T c , TEMPERATURE ( Q C) 
Safe Area Curves are indicated by Figure 2. 
Both limits are applicable and must be observed. 




V CB = 60-80V 
lc = 4A 
P D = 25W 




(TO-66) 
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Power Transistors 

2N3740, 2N3741 (continued) 

ELECTRICAL CHARACTERISTICS (At Ta = 25°C unless otherwise noted) 

| Characteristics | Figure No. | Symbol | Min | Max { Unit | 



OFF CHARACTERISTICS 



Collector-Emitter Sustaining Voltage* 
(I_ = 100 mAdc, I„ = 0) 2N3740 
c ° 2N3741 


2 


V CEO(sus)* 


60 
80 




Vdc 


Emitter-Base Cutoff Current 
(V EB = 7 Vdc) Both Types 




I EBO 




0.5 


mAdc 


Collector Cutoff Current 
(V CE = 60 Vde> V BE = 1. 5 Vdc) 2N3740 

(V CE = 80 Vdc, V BE = 1.5 Vdc) 2N3741 

(V CE = 40 Vdc, V BE = 1. 5 Vdc, T c = 150 °C) 2N3740 

(V CE = 60 Vdc, V RE = 1.5 Vdc, T c = 150 °C) 2N3741 


5,6 


*CEX 




0.1 
0.1 
1.0 
1.0 


mAdc 


Collector- Emitter Cutoff Current 
(V CE = 40 Vdc, Ig = 0) 2N3740 

(V CE = 60 Vdc, Ig = 0) 2N3741 


5,6 


T CEO 




1.0 
1.0 


mAdc 


Collector-Base Cutoff Current 
(V CB = 60 Vdc, I E = 0) 2N3740 

(V CB = 80 Vdc, I £ = 0) 2N3741 




^BO 




0.1 
0.1 


mAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 100 mAdc, V CE = 1 Vdc) Both Types 
(I c = 250 mAdc, V CE = 1 Vdc) Both Types 
(I c = 500 mAdc, V CE = 1 Vdc) Both Types 
(I c = 1 Adc, V CE = 1 Vdc) Both Types 


7 


h FE 


40 
30 
20 
10 


100 




Collector-Emitter Saturation Voltage 
(I c = 1 Adc, Ig = 125 mAdc) Both Types 


8, 9, 10 


V CE(sat) 




0.6 


Vdc 


Base- Emitter Voltage 
(I c = 250 mAdc, V CE = 1 Vdc) Both Types 


3.4. 

9,10 


V B E 




1.0 


Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain Bandwidth Product 
(I c = 100 mAdc, V CE = 10 Vdc, f = 1 mc) Both Types 




f T 


4 




mc 


Common-Base Output Capacitance 
(V CB = 10 Vdc, I c = 0, f = 100 kc) Both Types 


13 


C ob 




100 


Pi 


Small-Signal Current Gain 
(I c = 50 mAdc, V CE = 10 Vdc, f = 1 kc) Both Types 




h fe 


25 







*PULSE TEST: PW^ 300 /xsec, Duty Cycled 2% 
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-Power Transistors- 



2N3740, 2N3741 (continued) 



LARGE SIGNAL CHARACTERISTICS 
FIGURE 3 — TRANSCONDUCTANCE 




0.2 0.4 0. 

V BEl BASE-EMITTER 



.6 0.8 1.0 1.2 

VOLTAGE (VOLTS) 



"OFF" REGION CHARACTERISTICS 
FIGURE 5— TRANSCONDUCTANCE 




0.01 
0. 



.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 
V BE , BASE EMITTER VOLTAGE (VOLTS) 



FIGURE 4 — INPUT ADMITTANCE 




0.2 0.4 0.6 0.8 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 



0.02 
0.01 



FIGURE 6 -EFFECTS OF BASE-EMITTER RESISTANCE 



V CE = 40V 



Tj = + 175°C 



Tj= +100°C 



IK 10K . 

E , EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 
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Power Transistors 

2N3740, 2N3741 (continued) 






2.0 




1.8 






1.6 


TAGE 


1.4 




1.2 


ffi 






1.0 
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0.8 
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0.6 




0.4 








0.2 



SATURATION REGION CHARACTERISTICS 
FIGURE 8 - COLLECTOR SATURATION REGION 
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FIGURE 9 — "ON" VOLTAGES 




0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 

l c , COLLECTOR CURRENT (AMPS) 



FIGURE 10 -TEMPERATURE COEFFICIENTS 




To compute saturation voltages: 
V_(,.») @ operating Tj = V_ ( ,. t) @ +25°C 4- 0 V - (operating Tj -25°C) 
Use appropriate By for voltage of interest. 
Use appropriate curve for temperature range of interest. 

I 



0vBforV BE (,.t) 



-(-55°Cto+175) 



00 400 500 600 700 
l Cl COLLECTOR CURRENT (mA) 
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Power Transistors 

2N3740, 2N3741 (continued) 
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Power Transistors 



2N3766 (SILICON) 

2n3767 




V CB = 80-1 00 V 
lc = 4A 
P D = 20W 



Medium- power NPN silicon transistors, for use in 
switching, and medium -power -amplifier applications. 




CASE 80 

(TO-66) 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N3766 


2N3767 


Unit 


Collector-Base Voltage 


V CB 


80 


100 


Vdc 


Emitter- Base Voltage 


V EB 


6 


6 


Vdc 


Collector- Emitter Voltage 


V CEO 


60 


80 


Vdc 


Collector Current (Continuous) 


*C 


4 


Adc 


Collector Current (Peak) 


J C 


4 


Adc 


Base Current 


IB 


2 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


p D 


20 
0.133 


Watts 
W/°C 


Thermal Resistance 


0JC 


7.5 


°c/w 


Junction Operating and Storage 
Temperature Range 


T J> T stg 


-65 to +175 


°c 



POWER-TEMPERATURE DERATING CURVE 




75 100 
T c , CASE TEMPERATURE (°C) 

Safe area curves are indicated. Both limits are applicable and must be observed. 
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-Power Transistors - 



2N3766, 2N3767 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector- Emitter Voltage* 
(I c = 100 mAdc, I B = 0) 


2N3766 
2N3767 


BV * 
OV CEO 


60 
80 


— 


Vdc 


Emitter-Base Cutoff Current 
(V EB = 6 Vdc) 


Both Types 


! EBO 


— 


0.75 


mAdc 


Collector Cutoff Current 
(V CE = 80 Vdc, V BE = 1.5 Vdc) 
(V CE = 100 Vdc, V BE = 1.5 Vdc) 


2N3766 
2N3767 


*CEX 




0.1 
0.1 


mAdc 


(V CE = 50 Vdc, V BE = 1.5 Vdc, T c = 
(V CE = 70 Vdc, V BE = 1.5 Vdc, T c = 


150°C) 2N3766 
150°C) 2N3767 






1.0 
1.0 




Collector- Emitter Cutoff Current 
(V CE = 60 Vdc, I B = 0) 


2N3766 


^EO 




0.7 


mAdc 


(V CE = 80 Vdc, I B = 0) 


2N3767 






0.7 




Collector-Base Cutoff Current 
(V CB = 80 Vdc, I E = 0) 


2N3766 


*CBO 




0.1 


mAdc 


( V CB = 100 Vdc » l E = °) 


2N3767 






0.1 




ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE = 5 Vdc) 


Both Types 


h FE 


30 






(I c = 500 mAdc, V CE = 5 Vdc) 


Both Types 




40 


160 




(I c = 1.0 Adc, V CE = 10 Vdc) 


Both Types 




20 






Collector- Emitter Saturation Voltage 
(I c = 1 Adc, I B = 0.1 Adc) 


Both Types 


V CE(sat) 




2.5 


Vdc 


(I c = 500 mAdc, I B = 50 mAdc) 


Both Types 






1.0 




Base- Emitter Voltage 
(I c = 1.0 Adc, V CE = 10 Vdc) 


Both Types 


v 

BE 




1.5 


Vdc 



TRANSIENT CHARACTERISTICS 



Current-Gain - Bandwidth Product 
(I c = 500 mAdc, V CE = 10 Vdc, f = 10 mc) Both Types 


f T 


15 




mc 


Common-Base Output Capacitance 
(V CB = 10 Vdc, Ic = 0 Adc, f = 100 kc) Both Types 


C obo 




50 




Small- Signal Current Gain 
(Ic = 100 mAdc, V C e = 10 Vdc, f = 1 kc) Both Types 


hfe 


40 








"30 40 50 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 
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ACTIVE REGION SAFE AREAS 



The Safe Operating Area Curves indicate 
Ic-Vca limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVcto voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BVcu limit; then and only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BV«o. To 
insure operation below the maximum Tj, 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 



* Pulse Test: PW s 300 usee, duty cycle s 2% 



Power Transistors 

2N3766, 2N3767 (continued) 



LARGE SIGNAL CHARACTERISTICS 
TRANSCONDUCTANCE 




0 0.2 0.4 0.6 0.8 1.0 1.2 

Vje, BASE-EMITTER VOLTAGE (VOLTS) 



CUT-OFF CHARACTERISTICS 
TRANSCONDUCTANCE 




0.6 0.4 0.2 0 0.2 0.4 0.6 

Vje, BASE-EMITTER VOLTAGE (VOLTS) 

EFFECT OF BASE-EMITTER RESISTANCE 
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Power Transistors 



2N3766, 2N3767 (continued) 



CURRENT GAIN 



300 
200 



z 100 
3 



30 
20 
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5V 


















































Tj = +100°C 
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Power Transistors 

2N3766, 2N3767 (continued) 



TRANSIENT CHARACTERISTICS 

(Tj= 25 0 C) 

TURN-ON TIME TURN-OFF TIME 




10 20 30 50 100 200 300 500 1000 10 20 30 50 100 200 300 500 1000 



l c , COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (mA) 



CAPACITANCE EQUIVALENT CIRCUIT FOR 

MEASURING DELAY AND RISE TIME 
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Power Transistors 



2N3789 thru 2N3792 (SILICON) 



CASE 11 

(TO-3) 




P D = 150W 
l c = 10A 
Vceo=60-80V 

PNP silicon power transistors for medium-speed 
switching and amplifier applications. Complementary 
to NPN type 2N3713 thru 2N3716. 



MAXIMUM RATINGS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


2N3789 
2N3791 


2N3790 
2N3792 


Unit 


Collector-Base Voltage 


V CB 


60 


80 


Volts 


Collector-Emitter Voltage 


V CEO 


60 


80 


Volts 


Emitter- Base Voltage 


V EB 


7 


7 


Volts 


Collector Current (Continuous) 


r c 


10 


10 


Amps 


Collector Current (Peak) 


r c 


10 


10 


Amps 


Base Current (Continuous) 


r B 


4.0 


4.0 


Amps 


Power Dissipation 


P D 


150 


150 


Watts 


Thermal Resistance 


0jc 


1.17 


1.17 


°C/W 


Junction Operating and 
Storage Temperature Range 


T J> T stg 


-65 to +200 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Emitter Sustaining Voltage* 
(I c = 200 mAdc, Ig = 0) 




2N3789, 
2N3790, 


2N3791 
2N3792 


V CEO(sus)* 


60 
80 




Vdc 


Collector-Emitter Cutoff Current 
(V CE = 60 Vdc, V BE = -1.5 Vdc) 




2N3789, 


2N3791 


*CEX 




l 


mAdc 


(V CE = 80 Vdc, V BE = -1. 5 Vdc) 




2N3790, 


2N3792 






l 




(V CE = 60 Vdc, V BE = -1.5 Vdc, T c 


= 150°C) 


2N3789, 


2N3791 






5 




(V CE = 80 Vdc, V BE = -1.5 Vdc, T c 


= 150°C) 


2N3790, 2N3792 






5 




Emitter-Base Cutoff Current 
(V EB = 7 Vdc) 




All Types 


^BO 




5 


mAdc 


DC Current Gain* 

(I c = 1 Adc, V CE = 2 Vdc) 




2N3789, 2N3790 
2N3791, 2N3792 


h FE* 


25 
50 


90 
150 




(I c = 3 Adc, V CE = 2 Vdc) 




2N3789, 
2N3791, 


2N3790 
2N3792 




15 
30 






Collector -Emitter Saturation Voltage* 
(I c = 4 Adc, I B = 0. 4 Adc) 




2N3789, 


2N3790 


V * 

v CE(sat) 




1.0 


Vdc 


(I c = 5 Adc, I B = 0. 5 Adc) 




2N3791, 


2N3792 






1.0 




Base -Emitter Saturation Voltage* 
(I c = 4 Adc, I B = 0. 4 Adc) 




2N3789, 


2N3790 


V * 

BE(sat) 




2.0 


Vdc 


(I c = 5 Adc, I B = 0. 5 Adc) 




2N3791, 


2N3792 






1.5 




Current Gain - Bandwidth Product 
(V CE = 10 Vdc, I c = 0. 5 Adc ) 




All Types 


f T 


4 




mc 



♦Sweep Test: 1/2 sine wave cycle @ 60 cps. 
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Power Transistors 



2N3789 thru 2N3792 (continued) 

TYPICAL SWITCHING TIMES AND TEST CIRCUIT 




l c , COLLECTOR CURRENT (AMPS) 



POWER-TEMPERATURE DERATING CURVE 



0 25 50 75 100 125 150 175 200 

T c , CASE TEMPERATURE (°C) 

Safe area curves are indicated. Both limits are applicable and must be observed. 



ACTIVE-REGION SAFE OPERATING AREAS 
2N3789, 2N3791 2N3790, 2N3792 
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0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Iq - Vqe limits below which the device will not go into secondary 
breakdown. Collector load lines for specific circuits must fall within the applicable Safe Area to avoid 
causing a collector- emitter short. (Duty cycle of the excursion make no significant change in these safe 
areas. ) To insure operation below the maximum Tj, the power-temperature derating curve must be ob- 
served for both steady state and pulse power conditions. 
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Power Transisfors 



2N3789 thru 2N3792 (continued) 

LARGE SIGNAL CHARACTERISTICS - TYPE 2N3789, 2N3790 

IPULSETEST: pulse width ~ 200 /isec, duty cycle ~ 1%) 




INPUT ADMITTANCE 



SATURATION REGION 




E o.( 
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/?o IS h FE @2V 
FROM FIGURE 11 
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OVERDRIVE FACTOR (0 o /0f> 
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Power Transistors 



2N3789thru 2N3792 (continued) 



LARGE SIGNAL CHARACTERISTICS - TYPE 2N3791, 2N3792 

(PULSETEST: pulse width ~ 200 /xsec, duty cycle ~ 1%) 
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Power Transistors 

2N3789 thru 2N3792 (continued) 




CURRENT GAIN VARIATIONS 
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l c , COLLECTOR CURRENT (AMPS) 



SATURATION VOLTAGES TEMPERATURE COEFFICIENTS 
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l c , COLLECTOR CURRENT (AMPS) l c , COLLECTOR CURRENT (AMPS) 
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Power Transistors 



2N4048 thru 2N4053 (GERMANIUM) 



P D = 170 W 
l c = 60 A 
V CB = 45-75 V 




J U PNP germanium power transistor designed for high 

current applications requiring high gain and extremely 
£ ASE j low saturation voltage. 

(TO-36) 
Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4048 
2N4051 


2N4049 
2N4052 


2N4050 
2N4053 


Unit 


Collector -Emitter Voltage 


V 

v CEO 


30 


45 


60 


Vdc 


Collector -Emitter Voltage 


v 

CES 


45 


60 


75 


Vdc 


Collector -Base Voltage 


V CB 


45 


60 


75 


Vdc 


Emitter -Base Voltage 


V EB 


25 


30 


40 


Vdc 


Collector Current 


J c 


60 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


170 
0.294 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


V T stg 


-65 to +110 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 




0.5 


°c/w 
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Power Transisiors 

2N4048 thru 2N4053 (continued) 



ELECTRICAL CHARACTERISTICS <T C =25°C unless otherwise specified.) 



Characteristic 


Symbol 


A/1 in 


Typ 


Max 


Unit 


DC Current Gain 

(1=15 Adc, V = 2 Vdc) 2N4048 thru 2N4050 
U C 2N4051 thru 2N4053 
(I c = 60 Adc, V" CE = 2 Vdc) All Types 


h FE 


60 
80 
15 


85 
110 
25 


120 
180 


- 


Collector -Emitter Saturation Voltage 

(I c = 15 Adc, I B = 1 Adc) All Types 

(I c = 60 Adc, I B = 6 Adc) All Types 


V CE(sat) 




0.09 
0.15 


0.15 
0.30 


Vdc 


Base -Emitter Saturation Voltage 

(I c = 15 Adc, I B = 1 Adc) All Types 

(I c = 60 Adc, I B = 6 Adc) All Types 


V BE(sat) 


- 


0.30 
0.60 


0.60 
1.00 


Vdc 


Safe Operating Area Test 

(I =60 A) 2N4048,2N4051 
U 2N4049,2N4052 

2N4050,2N4053 


SOA 


35 
40 
45 


- 


- 


Vdc 


Collector -Emitter Breakdown Voltage 

(I = 300 mAdc, V = 0) 2N4048, 2N4051 
U Btj 2N4049,2N4052 

2N4050, 2N4053 


CES 


45 
60 
75 


- 


- 


Vdc 


Collector-Emitter Breakdown Voltage 

(I = 1.0 Adc, I = 0) 2N4048,2N4051 
U 2N4049,2N4052 

2N4050, 2N4053 


BV CEO 


30 
45 
60 




- 


Vdc 


Floating Potential 

(V CB = 45 Vdc, I E = 0) 2N4048, 2N4051 

= OU VuC, 1^, = V) ZJM4U4y, ZviWOd. 

(V CB = 75 Vdc, I E = 0) 2N4050,2N4053 


v 

EBF 


- 


- 


0.5 
0. 5 
0.5 


Vdc 


Collector Cutoff Current 

(V CB = 45 Vdc, I E = 0) 2N4048,2N4051 

(V CB = 60 Vdc, I E = 0) 2N4049, 2N4052 

(V^ B = 75 Vdc, I E = 0) 2N4050,2N4053 


^BO 


- 


0.9 
0.9 
0.9 


4.0 
4.0 
4.0 


mAdc 


Collector -Base Cutoff Current 

/\r - V V — 9V T — 4.7(1 Pi All TimDc 

(V CE " V CEO' BE " ZY > T C " 70 L) M1 


^EX 




4. 0 


15 


mAdc 


Collector Cutoff Current 

(V CB = 2 Vdc, I E = 0) All Types 


^BO 




80 


200 


/yAdc 


Emitter Cutoff Current 

(V BE = 25 Vdc, I c = 0) 2N4048, 2N4051 

(V BE = 30 Vdc, I c = 0) 2N4049,2N4052 

(V BE = 40 Vdc, I Q = 0) 2N4050, 2N4053 

. (V BE = V EBO> *C = °> T C = +71 ° C) AU ^ eS 


! EBO 




0.2 
0.2 
0.2 
2.7 


4.0 
4.0 
4.0 
15 


mAdc 


Common-Emitter Cutoff Frequency 

(I c = 15 Adc, V CE = 2 Vdc) All Types 


f 

ote 


2 


3.6 




kHz 
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2N4234 (SILICON) 

2N4235 
2n4236 



Power Transistors 



P D = 6 W 

lc = 1 A 

V CB = 40-80 V 




PNP silicon power transistors ideal for use as dri- 
vers, switches, and direct replacement of germanium 
medium -power devices. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4234 


2N4235 


2N4236 


Unit 


Collector -Emitter Voltage 


v 

v CEO 


40 


60 


80 


Vdc 


Collector -Base Voltage 


V CB 


40 


60 


80 


Vdc 


Emitter-Base Voltage 


v 

EB 


7 


7 


7 


Vdc 


Collector Current 


*c 


1 


Adc 


Base Current 




0.2 


Adc 


Total Device Dissipation @ T A = 25°C 
Derate above 25 C 


P D 


1 

5.7 


Watts 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


6 

34 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +200 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, (Junction to Case) 


°JC 


29 


°c/w 
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Power Transistors 

2N4234, 2N4235, 2N4236 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 



Symbol Min Max Unit 



Collector-Emitter Sustaining Voltage* 



2N4234 
2N4235 
2N4236 



BV 

CEO(sus)* 



Emitter -Cutoff Current 
<V BE = 7 VdC > ! C ' 0) 



All Types 



Collector-Cutoff Current 



< V CE 


= 40 Vdc, 


V BE(off) 


1.5 Vdc) 




< V CE 


= 60Vdc > V BE(off) = 


1.5 Vdc) 




< V CE 


= 80 Vdc, 


V BE(off) = 


1.5 Vdc) 




< V CE 


= 30 Vdc, 


V BE(off) = 


1.5 Vdc, 


T c 


< V CE 


= 40 Vdc, 


V BE(off) = 


1.5 Vdc, 


T c 


< V CE 


= 60 Vdc, 


V BE(off) = 


1.5 Vdc, 


T c 



150 U C) 
150°C) 



2N4234 
2N4235 
2N4236 
2N4234 
2N4235 
2N4236 



CEX 



Collector -Cutoff Current 



(V CE =40 Vdc, I B = 0). 



= 60 Vdc, 



2N4234 
2N4235 
2N4236 



CEO 



Collector Cutoff Current 



, =0) 



2N4234 
2N4235 
2N4236 



DC Current Gain 
(I_ = 100 mAdc, 



= 1 Vdc) 



CE 



: 1 Vdc) 



All Types 
All Types 
All Types 
All Types 



FE 



Collector-Emitter Saturation Voltage 



All Types 



v CE(sat) 



Base -Emitter Voltage 

(I c = 250 mAdc, V CE = 1 Vdc) 



All Types 



BE (off) 



Current -Gain — Bandwidth Product 



All Types 



Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 



All Types 



Small-Signal Current Gain 



All Types 



♦PULSE TEST: PWs 300 //sec, Duty Cycle * 2% 

NOTE : See 2N3740 data sheet for electrical characteristic curves. 
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Power Transistors 



2n4237 (silicon) i°=\a 

2N4238 V CB = 50-100 V 

2n4239 




NPN silicon power transistor designed for use in 
driver circuits, switching, and medium -power ampli- 
fier applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4237 


2N4238 


2N4239 


Unit 


Collector -Emitter Voltage 


V 

v CEO 


40 


60 


80 


Vdc 


Collector -Base Voltage 


V CB 


50 


80 


100 


Vdc 


Emitter-Base Voltage 


v 

EB 


6 


6 


6 


Vdc 


Collector Current 


*c 


1 


Adc 


Base Current 


*B 


0.2 


Adc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


0.8 
5.3 


Watts 
mW/°C 


Total Device Dissipation (§ T Q = 25°C 
Derate above 25°C 


P D 


5 

33 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +175 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


A/lax 


Unit 


Thermal Resistance (Junction to Case) 




30 


° c/w 
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Power Transistors 

2N4237, 2N4238, 2N4239 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Voltage* 
(I c = 100 mAdc, I B = 0) 


2N4237 
2N4238 
2N4239 


BV CEO* 


40 
60 
80 


_ 
- 


Vdc 


Emitter Cutoff Current 
(V BE = 6 Vdc,, I C = 0) 


All Types 


"'eBO 




0.75 


mAdc 


Collector Cutoff Current 

(V~„ = 40 Vdc, V„ w v = 1.5 Vdc) 
v CE ' BE (on) ' 

(V CE =80Vdc, V BE(on) = 1.5Vdc) 
(V CE = 100Vd Cj V BE(on) = 1.5Vdc) 


2N4237 
2N4238 
2N4239 


: CEX 


- 


0.1 
0. 1 
0.1 


mAdc 


(V CE = 30 Vdc, V BE(Qn) = 1.5 Vdc, T c = 150°C) 


2N4237 






1.0 




(V CE = 50 Vdc, V BE(on) = 1.5 Vdc, T c = 150°C) 


2N4238 




_ 


1.0 




(V = 70 Vrir V - 1 ^ Vdr T - 1S0°P^ 
lv CE /U VclC ' V BE(on) * Vac> i C W 






- 


1.0 




Collector Cutoff Current 
(V CE = 40 Vdc, I B = 0) 


2N4237 


^CEO 




0.7 


mAdc 


(V = 60 Vdc I =0) 


2N4238 




; 


0.7 




(V CE = 80 Vdc, I B = 0) 


2N4239 




- 


0.7 




Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 


2N4237 


'cBO 


- 


0.1 


mAdc 


(V„„ = 80 Vdc, I„ = 0) 
v CB ' E 


2N4238 






0.1 




(V CB = 100 Vdc, i E = 0) 


2N4239 




- 


0.1 




DC Current Gain 

(I c = 50 mAdc, V CE = 4 Vdc) 


All Types 


h FE 


30 


- 


- 


(I~ = 500 mAdc, = 4 Vdc) 


All Types 




40 


160 




(I c = 1.0Adc, V CE =4Vdc) * 


All Types 




20 






Collector -Emitter Saturation Voltage 
(I c = 500 mAdc, Ig = 50 mAdc) 


All Types 


V CE(sat) 




1.0 


Vdc 


CU = 1 Adc, I_ = 0. 1 Adc) 


All Types 






2.5 




Base-Emitter On Voltage 
(I c = 1.0Adc, V CE =4Vdc) 


All Types 


V BE(on) 




1.5 


Vdc 


Current-Gain — Bandwidth Product 

(I c = 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 


All Types 


f T 


1.0 




MHz 


Output Capacitance 

(V CB = 10 Vdc, = 0, f = 100 kHz) 


All Types 


C ob 




75 


pF 


Small -Signal Current Gain 

(I. = 100 mAdc, V^ = 10 Vdc, f = 1 kHz) 


All Types 


h fe 


40 







*PULSE TEST: PW * 300 fisec, Duty Cycle * 2% 



NOTE : See 2N3766 data sheet for electrical characteristic curves. 



6-149 



Power Transistors 



2N4276 thru 2N4283 (GERMANIUM) 



Pd= 170 W 
lc = 60 A 
V CB = 30-75 V 




PNP germanium power transistors designed for high 



current applications requiring high-gain and low satu- 
ration voltages. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4276 
2N4277 


2N4278 
2N4279 


2N4280 
2N4281 


2N4282 
2N4283 


Unit 


Collector -Emitter Voltage 


v CEO 


20 


30 


45 


60 


Vdc 


Collector -Base. Voltage 


v 

CB 


30 


45 


60 


75 


Vdc 


Emitter-Base Voltage 


v 

EB 


20 


25 


30 


40 


Vdc 


Collector Current 


x c 


60 


Adc 


Total Device Dissipation (§.T C = 25°C 


P D 


170 


Watts 


Operating Junction Temperature Range 


T J 


-65 to +110 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 




0.5 


°c/w 
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Power Transistors 

2N4276 thru 2N4283 (Continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DC Current Gain 

(I c = 15 Adc, V CE = 2 Vdc) 


2N4276, 2N4278, 2N4280, 2N4282 


h FE 


60 


85 


120 




(I c = 50 Adc, V CE = 2 Vdc) 


2N4277, 2N4279, 2N4281, 2N4283 
All Types 




80 
15 


110 
25 


180 




Collector-Emitter Saturation Voltage 

(I = 15 Adc, I = 1 Adc) All Types 


V CE(sat) 




0. 09 


0. 15 


Vdc 


(I c = 50 Adc, I - 5 Adc) 


All Types 






0. 15 


0. 30 




Base -Emitter Saturation Voltage 
(I c = 15 Adc, I = 1 Adc) 


All Types 


V BE(sat) 


- 


0.30 


0.60 


Vdc 


(I c = 50 Adc, 1=5 Adc) 


All Types 






0. 60 


1. 00 




Collector-Emitter Breakdown Voltage 

(I r = 1.0 Adc, I B = 0) 2N4276, 2N4277 
2N4278, 2N4279 
2N4280,2N4281 
2N4282,2N4283 


BV CEO 


20 
30 
45 
60 


- 
- 


- 
- 


Vdc 


Floating Potential 

(V CB = 30 Vdc, I E = 0) 


2N4276, 2N4277 


V 

EBF 






0. 5 


Vdc 


(V CB = 45 Vdc, I E = 0) 


2N4278,2N4279 




- 


- 


0.5 




(V CB = 60 Vdc, I E = 0) 


2N4280, 2N4281 








0. 5 




(V CB = 75Vdc, I E = 0) 


2N4282, 2N4283 








0. 5 




Collector Cutoff Current 


All Types 


X CBO 


- 


80 


0.2 


mAdc 


(V CB = 30 Vdc, I E = 0) 


2N4276, 2N4277 








4.0 




(V CB = 45 Vdc, I E = 0) 


2N4278,2N4279 








4.0 




(V CB = 60 Vdc, I E = 0) 


2N4280,2N4281 




- 


- 


4.0 




(V = 75 Vdc, I = 0) 


2N4282,2N4283 








4.0 




(V CE = V C EO(max)> V BE = 2 Vdc > T C = +7 °° C) 
All Types 








15 




Emitter Cutoff Current 
(V BE = 20 Vdc, I c = 0) 


2N4276, 2N4277 


^BO 






4.0 


mAdc 


(V BE =25Vdc, I c = 0) 


2N4278,2N4279 








4.0 




(V BE = 30 Vdc, I c = 0) 


2N4280, 2N4281 








4.0 




(V BE =40 Vdc, I c = 0) 

< V BE = V BE(max)> *C = °> T C = 


2N4282,2N4283 

+71°C) 

All Types 






2.7 


4.0 
15 




Common Emitter Cutoff Frequency 
(I c = 15 Adc, V CE = 2 Vdc) 


All Types 


f 

ae 


2 


3.6 




kHz 
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Power Transistors 

MJ2249 (SILICON) Vcb = 60-80 V 

#lftf-4l | C =1A 

MJ2250 P d =17.5W 
MJ3101 




NPN silicon transistors designed for switching and 
amplifier applications and driving higher power devices. 



CASE 80 

(TO-66) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MJ3101 


MJ2249 


MJ2250 


Unit 


Collector-Emitter Voltage 


v CEO 


40 


60 


80 


Vdc 


Collector-Base Voltage 


V CB 


50 


60 


80 


Vdc 


Emitter-Base Voltage 


V E B 


6 


6 


6 


Vdc 


Collector Current - Continuous 
Peak 


*C 


2.0 
3.0 


Adc 


Base Current 


IB 


0.5 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


PD 


17. 5 
0.133 


Watts 
W/°C 


Operating and Storage 
Junction Temperature Range 


T J> T stg 


-65 to +175 


°C 



FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 

20 I 1 1 i 1 1 



CO 




0 25 50 75 100 125 150 175 



T c , Case Temperature (°C) 
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Power Transistors' 

MJ2249, MJ2250 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector- Emitter Voltage* 
(I c = 100 mAdc, I B = 0) 


MJ3101 
MJ2249 
MJ2250 


BV CEO* 


40 
60 
80 




Vdc 


Collector-Base Cutoff Current 
(V CB = 50 Vdc, I E = 0) 


MJ3101 


^BO 




1.0 


mAdc 


(V CB = 50 Vdc, I E = 0, T A = 150°C) 








2.0 




(V CB = 60 Vdc, I E = 0) 


MJ2249 






1.0 




(V CB = 60 Vdc, I E = 0, T A = 150°C) 








2.0 




(V CB = 80 Vdc, I E = 0) 


MJ2250 






1.0 




(Vcb = 80 Vdc ' *E = °» T A = 150 ° c ) 








2.0 




Emitter-Base Cutoff Current 
(V EB = 6 Vdc, I c = 0) 


All Types 


^BO 




1.0 


mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE = 4 Vdc) 


All Types 


n FE 


25 






(IC = 100 mAdc, V CE = 4 Vdc)t 


All Types 




25 


200 




(I c = 500 mAdc, V CE = 4 Vdc)* 


All Types 




25 


200 




Collector- Emitter Saturation Voltage 
(Ic = 500 mAdc, Ig = 50 mAdc) 


All Types 


V CE(sat) 




1.0 


Vdc 


(I c = 750 mAdc, I B = 75 mAdc) 


MJ3101 






2.5 




(I c = 1 Adc, I B = 0.1 Adc)* 


MJ2249, MJ2250 






2.5 




Base-Emitter Voltage 
(I c = 500 mAdc, I B = 50 mAdc) 


All Types 


V BE(sat) 




1.2 


Vdc 


(I c = 750 mAdc, I B = 75 mAdc) 


MJ3101 






1.5 




(I c = 1.0 Adc, I B = 0.1 Adc) 


MJ2249, MJ2250 






1.5 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c - 500 mAdc, V CE = 10 Vdc) 


All Types 


f T 


10 




MHz 



♦PULSE TEST: PW < 300 na, Duty Cycle < 2% TColor coded h FE groups available at 100 mAdc 
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Power Transistors 



Mj2251 (SILICON) 

mj2252 




CASE 80 

(TO-66) 



P D = 10W 
l c = 500 mA 
Vceo = 225-300 V 



High-voltage NPN silicon power transistors, particu- 
larly well suited for power output stages in television, 
radio, phonograph and other consumer product applica- 
tions. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Emitter Voltage 

MJ2251 
MJ2252 


v 

CEO 


225 
300 


Vdc 


Emitter-Base Voltage 


Veb 


6 


Vdc 


Collector Current 




500 


mAdc 


Total Device Dissipation 
@ T c = 70°C 
Derate above 70 °C 


P D 


10 
0.125 


Watts 

w/°c 


Operating and Storage Temperature Range 


T J* T stg 


-65 to +150 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Emitter Breakdown Voltage 
(I n = 1 mAdc, I n = 0) MJ2251 
^ a MJ2252 


BV CEO 


225 
300 






Vdc 


Collector Cutoff Current 
(V CB = 300 Vdc, I E = 0) 


*CBO 






100 


/jAdc 


Emitter-Base Leakage Current 
(V EB = 6 Vdc, Ic = 0) 


^BO 






100 


/i Adc 


DC Current Gain 
(I c = 50 mAdc, V CE = 10 Vdc) 


h E E 


25 




200 




Small Signal Current Gain 
(I c = 20 mAdc, V CE = 50 Vdc, f = 10 mc) 


h fe 


1.0 








Small-Signal Current Gain 
(IC = 10 mAdc, V CE = 125 Vdc, f = 1 kc) 


h fe 




40 






(I c = 30 mAdc, V CE = 125 Vdc, f = 1 kc) 






65 






Voltage Feedback Ratio 
(Ic = 10 mAdc, V CE = 125 Vdc, f = 1 kc) 


h re 




2.5 




X10-5 


(I c = 30 mAdc, V CE = 125 Vdc, f = 1 kc) 






4.0 






Input Impedance 
(I c = 10 mAdc, V CE = 125 Vdc, f = 1 kc) 


he 




150 




ohms 


(I c = 30 mAdc, V CE = 125 Vdc, f = 1 kc) 






75 






Output Admittance 
(I c = 10 mAdc, V CE = 125 Vdc, f = 1 kc) 


h oe 




5 




mhos 


(Ic = 30 mAdc, V CE = 125 Vdc, f = 1 kc) 






20 
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Power Transistors 



MJ2251, MJ2252 (continued) 



COLLECTOR CHARACTERISTICS 
FIGURE 1 — MJ2251 FIGURE 2 — MJ2252 




0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 3 — COLLECTOR CURRENT versus FIGURE 4 — TYPICAL LINE-OPERATED 1.5-WATT 

BASE-EMITTER VOLTAGE AUDIO AMPLIFIER 




0.2 0.3 0.4 0.5 0.6 0.7 0.8 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 
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■ Power Transistors - 



MJ2253 (SILICON) 

mj2254 

MJ3701 



CASE 

(TO-66) 





P D = 25W 

l c = 3A 

V CEO = 40-80V 



Medium-power silicon PNP power transistor, ideal 
for use as drivers, switches, amplifiers, and direct 
replacement of germanium medium-power devices- 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


MJ3701 


MJ2253 


MJ2254 


Unit 


Collector-Emitter Voltage 


V CEO 


40 


60 


80 


Vdc 


Collector-Base Voltage 


V CB 


50 


70 


90 


Vdc 


Emitter-Base Voltage 


V EB 


5 


7 


7 


Vdc 


Collector Current - Continuous 
Peak 




3.0 
4.0 


Adc 


Base Current 




0.5 


Adc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


Pd 


25 
0.143 


Watts 
W/°C 


Operating and Storage 
Junction Temperature Range 


T J' T stg 


-65 to +200 


°C 



FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 




0 25 50 75 100 125 150 175 200 

T C( TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. Both limits are applicable and 
must be observed. 
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■ Power Transistors - 



MJ2253, MJ2254, MJ3701 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
(Ic = 100 mAdc, I B = 0) 


MJ3701 
MJ2253 
MJ2254 


BV CEO(sus)* 


40 
60 
80 




Vdc 


Collector-Base Cutoff Current 
(V CB = 50 Vdc, I E = 0) 


MJ3701 


^BO 




1.0 


mAdc 


(V CB = 70 Vdc, I E = 0) 


MJ2253 






1.0 




(V CB = 90 Vdc, I E = 0) 


MJ2254 






1.0 




(V CB = 40 Vdc, I E = 0, T c = 150°C) 


MJ3701 






2.0 




(V CB = 60 Vdc, I E = 0, T c = 150°C) 


MJ2253 






2.0 




(V CB = 80 Vdc, I E = 0, T c = 150°C) 


MJ2254 






2.0 




Emitter-Base Cutoff Current 
(V BE = 5 Vdc, Ic = 0) 


MJ3701 


l EBO 




2.0 


mAdc 


(V fiE = 7 Vdc, I c = 0) 


MJ2253, MJ2254 






1.0 




ON CHARACTERISTICS 


DC Current Gain 
(I c = 100 mAdc, V CE = 4 Vdc)t 


All Types 


h FE 


20 






(I c = 250 mAdc, V CE = 4 Vdc) 


All Types 




20 


100 




(Ic = 500 mAdc, V CE = 4 Vdc)* 


All Types 




15 






Collector-Emitter Saturation Voltage 
(1q = 500 mAdc, I B = 50 mAdc) 


All Types 


V CE(sat) 




0.3 


Vdc 


(IC = 1.0 Adc, I B = 125 mAdc) 


All Types 






0.8 




Base-Emitter Saturation Voltage 
(I c = 500 mAdc, I B = 50 mAdc) 


All Types 


V BE(sat) 




1.2 


Vdc 


(I c = 1.0 Adc, I B = 125 mAdc) 


All Types 






1.5 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 0.5 Adc, V CE = 10 Vdc) 


All Types 


f T 


3.0 




MHz 



♦PULSE TEST: PW < 300 ps, Duty Cycle < 2% tColor coded h FE groups available at 100 mAdc 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 




The Safe Operating Area Curves indi- 
cate the Ic-Vce limits below which the 
devices will not go into secondary 
breakdown. These curves can be used 
as long as the average power derat- 
ing curve (Figure 1) is also taken 
into consideration to insure opera- 
tion below the maximum junction 
temperature. 



20 30 40 50 

V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 



NOTE: For additional design curves, please refer to Type 2N3740 
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- Power Transistors - 



mj2255 
mj2256 
mj2257 



V CE =40-80V 
lc = 8A 
P D = 120W 




CASE 1 1 

(TO-3) 



NPN silicon power transistors designed for switch- 
ing and amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MJ2255 


MJ2256 


MJ2257 


Unit 


Collector-Emitter Voltage 


V CE 


40 


60 


80 


Vdc 


Emitter -Base Voltage 


v 

EB 


7 


7 


7 


Vdc 


Collector Current (Continuous) 


r c 


8 


8 


8 


Adc 


Base Current (Continuous) 


*B 


3 


3 


3 


Adc 


Power Dissipation 


P D 


120 


120 


120 


Watts 


Thermal Resistance 


6 JC 


1.46 


1.46 


1.46 


°C/W 


Junction Operating Temperature Range 


T J 




65°C to +200° 


C 


°C 
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Power Transistors 

MJ2255, MJ2256, MJ2257 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 

(V CE = 40 Vdc, V BE = -1.5 Vdc, T c = 150 C) MJ2255 

(V CE = 60 Vdc, V BE = -1. 5 Vdc, T c = 150°C) MJ2256 

(V CE = 80 Vdc, V BE = -1.5 Vdc, T c = 150°C) MJ2257 


*CEX 




20 


mAdc 


Emitter Cutoff Current 

(V EB = 7Vdc) All types 


*EBO 




5 


mAdc 


DC Current Gain 

(I c = 5 Adc, V CE = 4 Vdc) All types 


h FE 


15 






Collector -Emitter Saturation Voltage 

(I c = 5 Adc, I B = 0. 5 Adc) All types 


V CE(sat) 




1.0 


Vdc 


Small Signal Current Gain 

(V CE = 10 Vdc, I c = 0.4 Adc, f = 1 MHz) All types 


fe 


1.0 
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-Power Transistors- 



mj2267 (SILICON) 

mj2268 




CASE 1 1 

(TO-3) 




p D = 150W 

lc = 5 A 

V CEO = 40-55 V 



Silicon PNP power transistors, designed for medium- 
speed switching and high-power amplifier applications. 
These devices can be directly substituted for german- 
ium types. 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


MJ2267 


MJ2268 


Unit 


Collector- Emitter Voltage 


V CEO 


40 


55 


Vdc 


Collector-Base Voltage 


V C B 


40 


55 


Vdc 


Emitter-Base Voltage 


V EB 


7 


7 


Vdc 


Collector Current - Continuous 
Peak 


*C 


5.0 
10 


Adc 


Base Current 


*B 


3 


Adc 


Power Dissipation @ T c = 25°C 
Derate above 25°C 


*D 


150 
0.86 


Watts 

w/°c 


Operating and Storage 
Junction Temperature Range 


Tj, T st g 


-65 to + 200 


°C 



FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 




0 25- 50 75 100 125 150 175 



T C( CASE TEMPERATURE (°C) 

Safe Area Limits are indicated by Figures 2, 3. Both limits are applicable and 
must be observed. 



6-160 



— Power Transistors 

MJ2267, MJ2268 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
(I c = 200 mAdc, I B = 0) 




MJ2267 
MJ226B 


BV CEO(sus)* 


40 

55 




Vdc 


Collector Cutoff Current 
(V CE = 40 Vdc, V BE = 1.5 Vdc) 




MJ2267 


X CEX 




1.0 


mAdc 


(V CE = 60 Vdc, V BE = 1.5 Vdc) 




MJ2268 






1.0 




(V CE = 20 Vdc, V BE = 1.5 Vdc, T c = 


150°C) 


MJ2267 






5.0 




(V CE = 30 Vdc, V BE = 1.5 Vdc, T c = 


150°C) 


MJ2268 






5.0 




Emitter-Base Cutoff Current 
(V EB = 7 Vdc, Ic = 0) 




Both Types 


X EBO 




5.0 


mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 1.0 Adc, V CE = 2.0 Vdc) 




Both Types 


h FE 


20 






(1q = 3.0 Adc, V CE = 2.0 Vdc)* 




Both Types 




15 


70 




Collector-Emitter Saturation Voltage* 
(I c = 3.0 Adc, I B = 0.3 Adc) 




Both Types 


V CE(sat)* 




1.0 


Vdc 


Base- Emitter Saturation Voltage* 
(1q = 3.0 Adc, I B = 0.3 Adc) 




Both Types 


v BE(sat)* 




1.5 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I c = 0.5 Adc, V CE = 10 Vdc) 


f T 


3.0 




MHz 



♦PULSE TEST: PW < 300 /is, Duty Cycle < 2%. 



ACTIVE REGION SAFE OPERATING AREAS 



FIGURE 2 - MJ2267 



FIGURE 3 - MJ2268 
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The Safe Operating Area Curves indicate l c — Vce limits 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap- 
plicable Safe Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum T J( 
the power-temperature derating curve must be observed for 
both steady state and pulse power conditions. 



r:OTE: For additional design curves, please refer to Type 2N3789 
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•Power Transistors' 



mj2801 (smcoN) £r, 0 5 A 70V 

MJ2802 P D =120W 



NPN silicon power transistors designed for switching 
and amplif ie r appli c ations . 



CASE 1 1 

(TO-3) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MJ2801 


MJ2802 


Unit 


Collector-Base Voltage 


V CB 


50 


70 


Vdc 


Collector -Emitter Voltage 


v 

V CE 


40 


60 


Vdc 


Emitter -Base Voltage 


v 

EB 


7 


Vdc 


Collector Current (Continuous) 


r c 


10 


Adc 


Base Current (Continuous) 


l B 


3 


Adc 


Power Dissipation 


P D 


120 


120 


Watts 


Junction Operating Temperature Range 


T J 


-65°C to +200°C 


°C 



FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 
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Power Transistors 

MJ2801, MJ2802 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25*C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Emitter Breakdown Voltage 

(I = 200 mAdc) MJ2801 
c MJ2802 


BV CEO 


40 
60 




Vdc 


Collector Cutoff Current 

(V CE = 50 Vdc, V BE = -1. 5 Vdc) MJ2801 

(V„„ = 70 Vdc, V„„ = -1. 5 Vdc) MJ2802 


*CEX 




10 


mAdc 


Collector Cutoff Current 

(V CB = 50 Vdc) MJ2801 

<y„- = 70 Vdc) MJ2802 
LJtJ 

(V„ D = 30 Vdc, T. = 150°C) MJ2801 
CB A 

(V CB = 50 Vdc, T A = 150°C) MJ2802 


^BO 




5.0 
5.0 

10 
10 


mAdc 


Emitter Cutoff Current 

(V EB = 5 Vdc) Both types 


*EBO 




10 


mAdc 


DC Current Gain 

(I c = 8 Adc, V CE = 4 Vdc) Both types 


h FE 


15 


60 




Collector -Emitter Saturation Voltage 

(I- = 8 Adc, L, = 0. 8 Adc) Both types 


V CE(sat) 




1.5 


Vdc 
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MJ3010 (SILICON) 

mj3011 



Power Transistors 



V CEO = 200-325 V 
lc = 3.5 A 
P D = 100 W 



NPN power transistors designed for horizontal and 
vertical deflection amplifier circuits for TV. Also for 
high power line -operated audio outputs for radio, Ty, 
phonographs and P. A. systems. 



CASE 1 1 

(TO-3) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MJ3010 


MJ3011 


Unit 


Collector -Emitter Voltage 


V CEO 


200 


325 


Vdc 


Collector-Emitter Voltage 


V 

V CEX 


275 


700 


Vdc 


Emitter -Base Voltage 


V EB 


5 


5 


Vdc 


Collector Current (Continuous) 




3.5 


3.5 


Adc 


Base Current (Continuous) 


J B 


1.0 


1.0 


Adc 


Power Dissipation @T C = 25°C 


P D 


100 


100 


Watts 


Junction Operating Temperature Range 


T J 


-65°C to + 150°C 


°C 



FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 

125 . r— 1 . 1 



to 




0 25 50 75 100 125 150 

T p , Case Temperature (°C) 
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Power Transistors 

MJ3010, MJ301 1 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25*C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Emitter Breakdown Voltage 

(I n = 100 mAdc) MJ3010 
U MJ3011 


BV CEO 


200 
325 




Vdc 


Collector Cutoff Current 

(V CE = 250 Vdc, V EB = 0) MJ3010 

(V CE = 700 Vdc, V EB = 0) MJ3011 


^ES 




5 
5 


mAdc 


Collector Cutoff Current 

(V CE = 250 Vdc, V EB = 1.5 Vdc, Tj = 100°C) MJ3010 

(V CE = 700 Vdc, V EB = 1.5 Vdc, Tj = 100°C) MJ3011 


^EX 




10 
10 


mAdc 


Collector Cutoff Current 

(V EB = 5 Vdc, I c = 0) Both types 


*EBO 




5 


mAdc 


DC Current Gain 

(I c = 0. 5 Adc, V CE = 5 Vdc) MJ3010 

(I c =2.0 Adc, V CE = 5 Vdc) MJ3011 

(I c = 2.5 Adc, V CE = 5 Vdc) MJ3011 


h FE 


20 
10 
4 


180 





Mj31 01 (SILICON) 

For Specifications, SeeMJ2249 Data Sheet 
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-Power Transistors - 



MJ3201 (SILICON) 

mj3202 



V CB = 225-300 V 
l c = 100 mA 
P D = 4W 




CASE 80 

(TO-66) 



NPN power transistors designed for line -operated 
audio outputs for radio, TV, phonographs and P. A. 
systems. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MJ3201 


MJ3202 


Unit 


Collector -Base Voltage 


V CB 


225 


300 


Vdc 


Collector -Emitter Voltage 


v 

V CE 


225 


300 


Vdc 


Emitter -Base Voltage 


v 

EB 


3 


3 


Vdc 


Collector Current (Continuous) 


l C 


100 


100 


Adc 


Base Current (Continuous) 


r B 


50 


50 


Adc 


Power Dissipation 


P D 


4 


4 


Watts 


Junction Operating Temperature Range 


T J 


-65°C to + 150°C 


°C 
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Power Transistors 

MJ3201, MJ3202 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Breakdown Voltage 

(I r = 1 mAdc, I„ = 0) MJ3201 

MJ3202 


BV CEO 


225 
300 




Vdc 


Collector Cutoff Current 
(V CB = 300 Vdc, I c = 0) 

(V CB = 225 Vdc, l c = 0) 


*CBO 




100 
100 


jiAdc 


Emitter Cutoff Current 
(V EB =3Vdc) 


X EBO 




100 


u.Adc 


DC Current Gain 

(V CE = 10 Vdc, I c = 50 mAdc) 


h FE 


30 


150 





FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 
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Power Transistors 

MP500 thru MP502 (GERMANIUM) £ T H °™ 

MP500A thru MP502A, HI-REL V CBO = 45-75 V 

MP504 thru MP506 
MP504A thru MP506A, HI-REL 

PNP germanium power transistors for high- gain, 
[gh-power amplifier andswitchir 
reliability industrial equipment. 




^Tcf-Lf Wi high-power amplifier and switching applications in high 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MP500 
MP504 


MP501 
MP505 


MP502 
MP506 


Unit 


Collector-Base Voltage 


BV CBO 


45 


60 


75 


Volts 


Collector- Emitter Voltage 


BV CES 


45 


60 


75 


Volts 


Collector- Emitter Voltage 


BV CEO 


30 


45 


60 


Volts 


Emitter-Base Voltage 


BV EBO 


25 


30 


40 


Volts 


Collector Current 


*C 


60 


60 


60 


Amps 


Power Dissipation at T c = 25°C 


P D 


170 


170 


170 


Watts 


Junction Temperature Range 


T J 


65 to* 110 


°C 



POWER DERATING 

The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 170 Watts at case temperatures 
of 25°C and is 0 Watts at 110°C with a linear relation be- 
tween the two temperatures such that: 



POWER-TEMPERATURE DERATING CURVE 



allowable P D = 



MPSOO, MP504 



110° 





175 








150 


i 


125 




100 




75 


Q 






50 


1 


25 




0 









s 17( 
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VI 













































































































































10 20 30 40 50 



T c , CASE TEMPERATURE (°C) 



SAFE OPERATING AREA 

MP501, MP505 




COLLECTOR-EMITTER VOLTAGE (VOLTS) 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 



COLLECTOR-EMITTER VOLTAGE (VOLTS) 



The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 



(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Tj, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



6-168 



Power Transistors 



MP500 thru MP502, MP504 thru MP506 (continued) 
ELECTRICAL CHARACTERISTICS Oc = 25*C unless otherwise noted) 



Characteristics apply to corresponding "A" type numbers also. 



Characteristic 


Symbol 


Mm 


Typ 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = -45 V, I E = 0) MP500, MP504 
(V CB = -60 V, I E = 0) MP501, MP505 
( V CB = " 75 v t *E = °) MP502, MP506 


*CB01 


Z 


0.9 
0.9 
0.9 


4.0 
4.0 
4.0 


mAdc 


Collector-Base Cutoff Current 
(V CB = VcBmax. I E = °- T C = +71 ° C > AU T yP es 


k;BO 


- 


4.0 


15 


mAdc 


Collector-Base Cutoff Current 
( V CB = " 2 v > *E = °) ^ Types 


*CBO 








(jAdc 


Emitter-Base Cutoff Current 
(V EB = - 25 v , k; = 0) MP500, MP504 
(V EB = -30 V, £ = 0) MP501, MP505 
(V £B = -40 V, 1q = 0) MP502, MP506 


^BO 


= 


0.2 
0.2 


4.0 
4.0 


mAdc 


Emitter-Base Cutoff Current 
< V EB = V EBmax- *C = °' T C = ^ 0c > T yP es 


'ebo 


- 


2.7 


15 


mAdc 


Collector- Emitter Breakdown Voltage 
(If. = 300 mA, V EB = 0) MP500, MP504 
MP501, MP505 
MP502, MP506 




-45 
-60 
-75 





_ 


Vdc " 


Collector- Emitter Breakdown Voltage 
Uc = 1.0 A, I B = 0) MP500, MP504 
MP501, MP505 
MP502, MP506 


BV CEO 


-30 
-45 


= 


= 


Vdc 


Floating Potential 
(Vcb = 45 v . l E = °) MP500, MP504 
(V CB = 60 V, I E = 0) MP501, MP505 
(V CB = 75 V, I E = 0) MP502, MP506 


V EBF 


- 


- 


1.0 
1.0 
1.0 


Vdc 


DC Current Transfer Ratio 
0c = 15 A, V CE = 2 V) MP500 through MP502 
MP504 through MP506 
(I c = 50 A, V CE = 2 V) All Types 


h FEl 
h FE 


30 
50 
12 


47 
63 
20 


60 
100 




Collector-Emitter Saturation Voltage 
0c = 15 A, I B = 1 A) All Types 
(Iq = 50 A, I B = 5 A) All Types 


V CE(sat) 




0.11 
0.2 


0.2 
0.45 


Vdc 


Base-Emitter Saturation Voltage 
(L, = 15 A, I B = 1 A) All Types 
(I^, = 50 A, I B = 5 A) All Types 


V BE(sat) 




0.7 
2.0 


1.5 
2.5 


Vdc 


Common Emitter Cutoff Frequency 
(Ic = 15 A, V C£ = 2 V) All Types 


'ae 


2 


3.6 




kc 



INPUT AND TRANSFER CHARACTERISTICS 



COLLECTOR CURRENT DC CURRENT GAIN 

versus BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 




0 0.5 1.0 1.5 2.0 2.5 0 10 20 30 40 50 60 



V EEl BASE-EMITTER VOLTAGE (VOLTS) l Cl COLLECTOR CURRENT (AMPS) 
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Power Transistors 

Mp525 (GERMANIUM) P D = 106W 



l c = 10A 
V CE = 60V 




Germanium PNP power transistor designed for audio 
amplifier applications requiring gains of 30 — 150 at 
1^ = 3 amps. 



CASE 3 

(TO-3) 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristics 


Symbol 


MP525 


Unit 


Collector- Emitter Voltage 


V CE 


60 


Vdc 


Collector Current (Continuous) 


*C 


10 


Adc 


Junction Temperature Range 


T J 


-65 to + 110 


°C 


Total Device Dissipation 
@ T c = 25°C 
Derate above 25°C 


P D 


106 
1.25 


Watts 
W/°C 


Thermal Resistance, Junction 
to Case 


0JC 


0.8 


°C/W 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = 2 Vdc) 


^BO 




200 


uA 


Collector- Emitter Cutoff Current 
(V CE = 30 Vdc, V EB = 0) 


^ES 




15 


mA 


(Vce = 60 Vdc, V BE = 1.5 Vdc) 


^EX 




15 




Collector- Emitter Breakdown Voltage 
(I c = 300 mA, R = 10 ohms) 


BVCER 


35 




Vdc 


DC Current Gain 
(I c = 3 Adc, V CE = 2 Vdc) (See Note) 


h FE 


30 


150 
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• Power Transistors - 



MP525 (continued) 



POWER-TEMPERATURE DERATING CURVE 




40 60 80 

T c , CASE TEMPERATURE (°C) 



DC CURRENT GAIN versus COLLECTOR CURRENT 



BASE CURRENT versus EMITTER BASE VOLTAGE 
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! Cl COLLECTOR CURRENT (AMPS) 

COLLECTOR CURRENT versus BASE CURRENT 
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-2 V 
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0 0.1 0.2 0.3 0.4 0.5 0.6 

V EI , EMITTER-BASE VOLTAGE (VOLTS) 

NOTE: upon customer's request the 
transistors will be numerically cod- 
ed to identify matched pairs. The 
dc current transfer ratios are sort- 
ed into approximately 1:1. 5 ranges. 
Any two devices within a bracket 
constitute a matched pair. No guar- 
antee is made of gain distribution. 

I c = 3 Adc, V CE = 2 Vdc 

h FE 



0 10 20 30 40 50 60 70 80 90 
l B , BASE CURRENT (mA) 



Bracket 


Min 


Max 


-1 


30 


45 


-2 


40 


60 


-3 


50 


75 


-4 


60 


90 


-5 


80 


120 


-6 


100 


150 
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Power Transistors 

MP] 6 1 2, A, B (GERMANIUM) P D = 85 W 

' l c = 20A 

V CB = 100-160 V 




High- current, germanium PNP power transistor 
developed specially for high-speed, high-frequency, 
rA cc * applications such as television horizontal deflection 



(TO _ 3) circuits. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


MP1612 


MP1612A 


MP1612B 


Unit 


Collector-Base Voltage 


V CB 


100 


140 


160 


Volts 


Collector- Emitter Voltage 


v CEO 


50 


75 


100 


Volts 


Emitter-Base Voltage 


V E B 


2.5 


2.5 


2.5 


Volts 


Collector Current (Continuous) 


! C 


20 


20 


20 


Amps 


Base Current (Continuous) 


1b 


5 


5 


5 


Amps 


Power Dissipation 


P D 


8!5 


85 


85 


Watts 


Operating Junction Temperature Range 


Tj 


-65 to +110 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = 80 V, I E = 0) MP1612 
(V CB = 120 V, I E = 0) MP1612A 
(V CB = 140 V, I E = 0) MP1612B 


^BO 




10 
10 
10 


mA 


Collector- Emitter Current 
(V CE = 100 V, V BE = 0) MP1612 • 
(V CE = 140 V, V BE = 0) MP1612A 
(V CE = 160 V, V BE = 0) MP1612B 


J CES 




20 
20 
20 


mA 


Collector- Emitter Cutoff Current 
(V CE = 50 V, V BE = 0.2 V, T c = +85°C) MP1612 
< V CE = 75 V > V BE = °' 2 V > T C = + 85°C) MP1612A 
(V CE = 100 V, vbe = °- 2 V > T C = +85°C) MP1612B 


*CEX 




40 
40 
40 


mA 


Emitter-Base Breakdown Voltage 
(I E ■= 50 mAdc, I c = 0) 


BV EBO 


2.5 




Vdc 


Collector- Emitter Sustaining Voltage 
(I E = 100 mA, I B = 0) MP1612 

MP1612A 
MP1612B 


BV CEO(sus) 


50 
75 
100 




Volts 


DC Current Gain 
(I c = 5.0 A, V CB = 2 V) 
(IC = 10 A, V CB = 2 V) 


h FE 


40 
25 


100 




Collector- Emitter Saturation Voltage 
(I c = 10 Adc, I B = 1.0 Adc) 
(I c = 20 Adc, I B = 2.0 Adc) 


v CE(sat) 




0.30 
0.5 


Vdc 


Fall Time (Figure 5) 
(I c = 5 Adc, I B1 = 0.5 Adc, I B2 = 1.0 Adc) 
(I c = 10 Adc, I B1 = 0.5 Adc, Ib2 =1.0 Adc) 


tf 




1.25 
1.5 


|j.sec 
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Power Transistors 



MP1 61 2, A, B (continued) 



FIGURE 1 — MP1612 



SAFE OPERATING AREAS 
FIGURE 2— MP1612A 



FIGURE 3— MP1612B 




20 40 60 80 100 120 140 
V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



20 40 60 80 100 120 140 160 



The Safe Operating Area Curves indicate the !c~ V CE limits below which the devices will not 
go into secondary breakdown. As secondary breakdown is independent of temperature and 
duty cycle, these curves can be used as long as the average power derating durve (Figure 4) 
is also taken into consideration to insure operation below the maximum junction temperature. 
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■Power Transistors- 



MPI 6 1 3 (GERMANIUM) P .° Z ? 5 A W 

■C — 7 SK 
V CEO = 75V 




CASE 3 

(TO-3) 



Medium- current germanium PNP power transistor, 
designed for use in 12 Volt vertical deflection circuits 
in television receivers; features: high -breakdown 
voltage, low leakage current, and low saturation volt- 
age. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Emitter Voltage 


V CES 


90 


Vdc 


Collector-Emitter Voltage 
(Open Base) 


v CEO 


75 


Vdc 


Collector-Base Voltage 


V CB 


100 


Vdc 


Emitter-Base Voltage 


v EB 


50 


Vdc 


Collector Current (Continuous) 


ic 


7 


Adc 


Peak Collector Current 
(PW i 5 msec) 


J c 


15 


Adc 


Base Current (Continuous) 


% 


2 


Adc 


Operating Junction and 
Storage Temperature Range 


T j and 
T stg 


-65 to +110 


°C 


Total Device Dissipation 
@ T c = 25°C 
Derate above 25°C 


PD 


85 
1 


Watts 
W/°C 


Thermal Resistance, Junction to Case 


9jc 


1.0 


°C/W 



ELECTRICAL CHARACTERISTICS (Tc — 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Emitter Breakdown Voltage* 
(I c = 250 mAdc) 


BV CES* 


90 






Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 300 mAdc) 


BV C EO* 


75 






Vdc 


Collector-Emitter Leakage Current 
(V CE = 37.5 V) 


*CEO 






30 


mAdc 


Collector-Emitter Leakage Current 
(V CE = 90 V, V fiE = 1.0 Vdc, T c = +100°C) 


*CEX 






10 


mAdc 


Collector-Base Cutoff Current 
(V CB - 2 Vdc) 

(VCB = V CB max ) 


k:Bo 






.060 
5.0 


mAdc 


Emitter-Base Cutoff Current 
(V EB = 12 Vdc) 


^BO 






100 


li Adc 


Collector- Emitter Saturation Voltage 
(I c - 3 Adc. I B = 300 mAdc) 


V CE(sat) 






0.25 


Vdc 


DC Current Gain 
(I c =■ 50 mAdc. V CE = 2 Vdc) 

(I c = 1 Adc, V CE = 2 Vdc) 


h FE 


40 


120 
70 


200 





♦Sweep Test: 1/2 sine wave, 60 cps 
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Power Transistors 



MP! 61 3 (continued) 




SAFE OPERATING AREAS 




0 10 20 30 40 50 60 70 80 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



NOTE: The Safe Operating Area Curves indicate I c - V CE limits which the de- 
vice will not go into secondary breakdown. Collector load lines for specific cir- 
cuits must fall within the applicable Safe Area to avoid causing a collector- emitter 
short. (Case temperature and duty cycle of the excursions make no significant 
change in these safe areas.) The load line may exceed the EV^ES voltage only 
if the collector current has beenreduced to 20 mA or less before or at the BV^g 
limit; than and only then may the load line be extended to the absolute maximum 
voltage rating of BV CB q. To insure operation below the maximum Tj, the 
power-temperature derating curve must be observed for both steady state and 
pulse power conditions. 
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•Power Transistors- 



MP 2 060 thru Mp2063 (GERMANIUM) £ = 8JW 

Vcbo = 40-90 V 



CASE 1 1 

(TO-3) 




PNP germanium power transistors for audio amplifier 
applications. 



MAXIMUM RATINGS 



Chararteristics 


Svmhol 


MP2060 


MP2061 


MP2062 


MP2063 


Unit 


Collector- Emitter Voltage 


v 

V CES 


30 


45 


60 


75 


Vdc 


Collector- Emitter Voltage 
(Open Base) 


V CEO 


25 


35 


50 


60 


Vdc 


Collector-Base Voltage 


V CBO 


40 


60 


75 


90 


Vdc 


Emitter-Base Voltage 


V EBO 


■< 20 


Vdc 


Collector Current (Continuous) 


*c 


■+ 7 ► 


Adc 


Peak Collector Current 
(PW ^ 5 msec) 


*C 


* 15 ► 


Adc 


Base Current (Continuous) 


% 


** 2 ** 


Adc 


Storage Temperature 


T stg 


■* -65 to +110 ► 


°C 


Operating Case Temperature 


T C 


** -65to + 110 


°C 


Total Device Dissipation 
@T C = 25°C 
Derate above 25°C 


P D 


85 ► 

1 ► 


Watts 
W/°C 


Thermal Resistance 
Junction to Case 


*JC 


1.0 


°c/w 


Thermal Resistance 
Case to Ambient 


0CA 


32.7 


°c/w 




6-176 



Power Transistors- 

MP2060 thru MP2063 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


DC Forward Current Gain (Note 1) 
Oc = 3 Adc, V CE = 2 Vdc) All Types 




30 




200 




Current Gain- Bandwidth Product 
Uc = 0.5 Adc, V CE = 12 Vdc) All Types 


f T 




600 




kc 


Collector-Emitter S3.tura.tlon Volts gg 
(1q = 3.0 Adc, I B = 0.3 Adc) All Types 


V CE(sat) 






0.25 




Base-Emitter Saturation Voltage 
(Iq = 3.0 Adc, Ig = 0.3 Adc) All Types 


V BE(sat) 


- 




0.70 


Vdc 


DC Transconductance 
(I c = 3.0 Adc, V CE = 2 Vdc) All Types 


g FE 


3.0 








Collector-Emitter Breakdown Voltage* 
(I c = 250 mAdc) MP2060 

MP2061 
MP2062 
MP2063 


BV CES « 


30 
45 

75 


1 1 1 1 


1 1 1 1 


Vdc 


Collector-Emitter Sustaining Voltage* 
(I c = 500 mAdc) MP2060 

MP2061 
MP2062 
MP2063 


BV CEO(sus)* 


25 
35 
40 






Vdc 


Collector-Base Breakdown Voltage 
(I c = 20 mAdc) MP2060 

MP2061 
MP2062 
MP2063 


BV C BO 


40 
60 
75 
90 






Vdc 


Collector-Base Cutoff Current 
(V CB = 2 Vdc) All Types 
/v«^ — 9 1; vhp^ \AW)r\£f\ 

V V CB — £»*3 VQCJ JVUriUOLP 

(V CB = 35 Vdc) MP2061 
(V C B = 40 Vdc) MP2062 
(V CB = 60 Vdc) MP2063 


! CBO 


- 




0.060 
1.0 
1.0 
1.0 
1.0 


mAdc 


Collector-Emitter Cutoff Current 
(V CE = 30 Vdc, V BF / nfn = 1 Vdc, T r = 100°C) 

x V/d » -DIM Oil) 7 \* ' 

MP2060 

(V CE = 45 Vdc, V BE(off) = 1 Vdc, T C = 100°C) 

MP2061 

(V CE = 60 Vdc, V BE(Qff) = 1 Vdc, T C = 100°C) 

MP2062 

(V CE = 75 Vdc, V BE(off) = 1 Vdc, T C = 100°C) 

MP2063 


r CEX 


- 




10 
10 
10 
10 


mAdc 


Emitter-Base Cutoff Current 
(V BE = 20 Vdc) All Types 


r EBO 






1.0 


mAdc 


Input Impedance 
(I c =-500 mAdc, V CE = -12 Vdc, i b = 1 mAdc, f = 1 kc) 


h ie 




25 




ohms 


Distortion 

(I c = - 500 mAdc, V CE = -12 Vdc, R g = 30 onms, R L = 25 ohms, 
R E (unbypassed) = 0.33 ohm, P ou t = 2 watts) 






3 




% 



*Sweep Test: 1/2 sine wave, 60 cps 



Note 1 : 

Upon customer's request the transistors will be numerically coded to identify matched pairs. 
The DC current transfer ratios are sorted into approximately 1:1.5 ranges. Any two devices 
within a bracket constitute a matched pair. No guarantee is made of gain distribution. 



3 Adc, V CE = 2 Vdc 

Appropriate MP# 







FE 




Min. 


Max. 


-1 


30 


45 


-2 


40 


60 


-3 


50 


75 


-4 


60 


90 


-5 


80 


120 


-6 


100 


150 


-7 


130 


200 
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— — Power Transistors 




COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 




0 0.2 0.4 0.6 0.8 1.0 0.3 0.2 0.1 0 -0.1 -0.2 -0.3 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) V, E , BASE-EMITTER VOLTAGE (VOLTS) 



DC CURRENT GAIN versus COLLECTOR CURRENT 

200 1 1 1 1 1 1 | | .I 1 1 1 1 r 




0.1 0.3 0.5 

lc. COLLECTOR CURRENT (AMPS) 
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Power Transistors 

MP2060 thru MP2063 (continued) 



COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 
versus JUNCTION TEMPERATURE 




It. BASE CURRENT (mA) 
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Power Transistors 

ADDITIONS AND MODIFICATIONS 
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GERMANIUM MILLIWATT 
TRANSISTORS 
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Germanium Milliwatt Transistors 



The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 



MILLIWATT TRANSISTORS 



JAN 2N331 


MIL-S-19500/4C 


7-8 


JAN 2N398 


MIL-S-19500/174A 


7-12 


USAF 2N461 


MIL-T-19500/45 


7-14 


USA 2N465 


MIL-T-19500/50A 


7-15 


JAN 2N466 


MIL-S-19500/51D 


7-15 


USA 2N467 


MIL-T-19500/52B 


7-15 


JAN 2N526 


MIL-S-19500/60D 


7-17 


USN 2N650A thru USN 652A 


MIL-S-19500/175B 


7-20 


USA 2N1008B 


MIL-S-19500/196A 


7-24 



For case outline dimensions, see page 1-186. 
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Germanium Milliwatt Transistors 



GERMANIUM MILLIWATT TRANSISTORS 



This line of low -frequency, low-power transistors consists of a wide 
selection of highly reliable germanium PNP devices designed for general 
purpose switching, amplifier, and control applications. 

The line is generally characterized by devices having a power rating to 225 
mW, a maximum operating temperature range from -65°C to +100°C, and a 
typical cutoff frequency (f . ) to 8 Mc. 



QUICK SELECTION GUIDE -FOR 
AMPLIFIER /OSCILLATOR AND SWITCHING 
APPLICATIONS TO 20 KILOCYCLES 



The following transistors merit first consideration within the specified gain - 
voltage groups- All of the specified devices have collector power dissipation 
ratings (P p ) of *150-225 mW, and a maximum operating junction temperature 
of 100° C. C 



MINIMUM 
DC CURRENT 
GAIN (h FE ) 


TRANSISTOR VOLTAGE RATING; V CER (R = 10 K) 


12-24 


25-39 


40-49 


50-60 


20 




2N524 


MA910 (3) 


2N2042 


30 


2N322 


2N525 

2N1191 ® 


2N1924 
2N1186 




40 


2N323 

2N1008 ® © 


2N526 

2N1192 ® 


2N1008A ® (2) 
2N1925 


2N1008B ® © 
2N2043 


60 


2N324 
2N1705 


2N527 
2N1175 


2N1926 




90 


2N467 
2N508 
MA1706 


2N1193 ® 

2N2171 

2N3427 


2N1188 




130 


MA1707 


2N3428 






180 


MA1708 


2N1194 ® 
MA1702 







® Small Signal Current Gain h fe ® V CEO ® V CES 
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Germanium Milliwatt Transistors 

COMPLETE NUMERICAL-ALPHABETICAL LISTING 





MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


MILITARY 

III 1 LI 1 nil I 










Vcer 




flFE @ VCE & IC 




fab 


and 




Pc 


Tj 


VCBO 




lc 










Hi-Re 1 






(R = 10 K) 












typ 




Type 


mW 


°C 


volts 


volts 


mA 


min 


max 


volts 


mA 


mc 


Type 


2N319 


225 


100 




20 


500 


25 


42 


1 


20 


1. o (§) 




2N320 


225 


100 




20 


500 


34 


65 


1 


on 


1. 5 (5) 




2N321 


225 


100 


- 


20 


500 


53 


121 


1 


20 


2. 0 © 




2N322 


225 


100 




18 


500 


34 


65 


1 


20 


1. 0 




2N323 


225 


100 





18 


500 


53 


121 


1 


20 


1. 5 © 




2N324 


225 


100 


— 


18 


500 


72 


198 


1 


20 


2. 0 © 




2N331 


200 


100 


30 


V EB = 12 


200 


30 


70 


6 


1 


1. 5 


JAN 2N331 


2N381 


225 


100 


50 


25 


400 


35 


65 


1 


20 


3 




2N382 


225 


100 


50 


25 


400 


60 


95 


1 


20 


4 




2N383 


225 


100 


50 


25 


400 


75 


120 


1 


20 


5 




2N398 


50 


85 


105 


V„+ -105 


100 


20 




0. 35 


5 


1 0 


USN 2N398 


O TVTO n O A 

2N398A 


150 


100 


105 


Vp t = 105 


200 


20 




0. 35 


5 


1. 0 




2N460 


225 


100 


45 


35 (7) 


400 


31 


200 


6 




4 




2N461 


225 


100 


45 


35 © 


400 


0. 94 hfb 


0.972 


6 


id) 


1. 2 


USAF 2N461 


2N464 


200 


100 


45 


40 


100 


14 


— 


6 


1 


1. 0 




2N465 


200 


100 


45 


30 


100 


27 




6 




1 5 


USA 2N465 


2N466 


200 


100 


35 


20 


100 


56 


— 


6 




2. 0 


JAN 2N466 


' 2N467 


200 


100 


35 


15 


100 


112 


— 


6 


1 


2. 5 


TTQA 

UoA Zri 30 ( 


2N508 


225 


100 




18 


500 


99 


198 


1 


20 


2. 5 © 




2N524 


225 


100 




30 


500 


25 


42 


1 


20 


0. 8 © 


2N524A Q 


2N525 


225 


100 




30 


500 


34 


65 


1 


20 


JL. U {DJ 


2N525A Ql) 


2N526 


225 


100 


— 


30 


500 


53 


90 


1 


20 


1. 3 © 


JAN 2N526 


2N527 


225 


100 




30 


500 


72 


121 


1 


20 


1. 5 © 


2N527A © 


2N650 


200 


100 


45 


30 


500 


30 


70 


6 


1 


1. 5 


2N650A © 
























USN 2N650A 


2N651 


200 


100 


45 


30 


500 


50 


120 


6 


1 


2. 0 


2N651A © 
























USN 2N651A 


2N652 


200 


100 


45 


30 


500 


100 


225 


6 


1 


2. 5 


2N652A © 
























USN 2N652A 


2N653 


200 


100 


30 


25 


250 


30 


70 


6 


1 


1. 5 




2N654 


200 


100 


30 


25 


250 


50 


125 


6 


1 


2. 0 




2N655 


200 


100 


30 


25 


250 


100 


250 


6 


1 


2. 5 




2N1008 


200 


100 


20 


20 © 


300 


40 hfe 


150 


5 


10 






2N1008A 


200 


100 


40 


40 © 


300 


40 h fe 


150 


5 


10 






2N1008B 


200 


100 


60 


60 © 


300 


40h fe 


150 


5 


10 






2N1175 


225 


100 




25 


500 


70 


140 


1 


20 


1.5 © 




2N1185 


200 


100 


45 


30 


500 


190 


400 


6 


1 


3.0 




2N1186 


200 


100 


60 


45 


500 


30 


70 


6 


1 


1. 5 




2N1187 


200 


100 


60 


45 


500 


50 


120 


6 


1 


2. 0 




2N1188 


200 


100 


60 


45 


500 


100 


225 


6 


1 


2. 5 




2N1189 


200 


100 


45 


30 


500 


60 




1 


10(2) 


3. 5 




2N1190 


200 


100 


45 


30 


500 


100 




1 


10© 


4. 5 




2N1191 


200 


100 


40 


25 


200 


30 


70 


6 


1 


1. 5 




2N1192 


200 


100 


40 


25 


200 


50 


125 


6 


1 


2. 0 
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Germanium Milliwatt Transistors 

NUMERICAL-ALPHABETICAL LISTING (continued) 





MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


MILITARY 










VCER 


Ic 


h 


FE @ VCE & IC 




fab 


and 
Hi-Rel 




















typ 






Pc 


Tj 


VCBO 


(R = 10 K) 












Type 


Type 


mW 


°c 


volts 


volts 


mA 


min 


max 


volts 


mA 


mc 




2N1193 


200 


100 


40 


25 


200 


100 


250 


6 


1 


2. 5 




2N1194 


200 


100 


40 


25 


200 


190 


500 


6 


1 


3.0 




2N1408 


150 


100 


50 


50 ® 


200 


10 


— 


1 








2N1413 


225 


100 


35 


25 


500 


23 


65 


1 


20 


0.8 (5) 




2N1415 


225 


100 


— 


25 


500 


53 




1 


20 


1.3 (5) 




2N1705 


200 


100 


18 


12 


400 


70 hf e 


150 


6 


1 


4 5 




2N1706 


200 


100 


25 


18 


400 


50 hfe 


150 


5 


10 


3 5 




2N1707 


200 


100 


30 


25 


400 


30 h fe 


150 


5 


10 


3 5 




2N1924 


225 


100 




40 


500 


34 


65 


1 


20 


1.0 CD 




2N1925 


225 


100 


— 


40 


500 


53 


90 




20 


1. 3 (D 




2N1926 


225 


100 




40 


500 


72 


121 


1 


20 


1. 5 (§) 




2N2042 


200 


100 


105 


55 


200 


20 


50 


0. 35 


5 


0. 5 (5) 


2N2042A (I) 


2N2043 


200 


100 


105 


55 


200 


40 


100 


0. 35 


5 


0. 75© 


2N2043A ® 


2N2171 


225 


100 


50 


25 


400 


110 


250 


1. 0 


20 


7. 5 




2N3427 


200 


100 


45 


30 


500 


100 


350 


1 


100 


6. 0 




2N3428 


200 


100 




30 






400 


1 


100 


8. 0 




MAI 12 


175 


85 


15 




200 


30 h 


70 


6 








MAI 13 


175 


85 


15 





200 


50 h f fe 


125 


6 









MAI 14 


175 


85 


15 





200 


100 h 

fp 


250 


6 









MAI 15 


175 


85 


15 





200 


30 h 

fe 


125 


6 


, 


_ 




MA116 


175 


85 


15 




200 


50 h . 


250 


6 


1 






MAI 17 


175 


85 


15 




200 


30 h te 


250 


6 








MA286 


175 


85 


10 




200 


14 h fe 


40 


6 




_ 




MA287 


175 


85 


10 





200 


fe 
30 hi 


250 


6 









MA288 


175 


85 


10 




200 


180 hi e 
fe 




6 








MA881 


200 


100 


60 


60® 


500 


30 




1 


10 


0.75© 




MA882 


200 


100 


60 


60 © 


500 


40 




1 


10 


1.0 (5) 




MA883 


200 


100 


60 


60 © 


500 


75 




1 


10 


1. 25© 




MA884 


200 


100 


60 


60 © 


500 


125 




1 


10 


1. 75© 




MA885 


200 


100 


50 


50 © 


500 


15 h r 
fe 


40 


6 


1 


0. 75© 




MA886 


200 


100 


50 


50 © 


500 


30 h 


70 


6 


1 


0. 75© 




MA887 


200 


100 


50 


50© 


500 


50 hi e 


120 


6 


1 


1. 25© 




MA888 


200 


100 


50 


50© 


500 


100 h e 


225 


6 


1 


0.5 © 




MA889 


200 


100 


50 


50 © 


500 


190 hi e 


400 


6 


1 






MA909 


150 


100 


75 


35 © 


200 


20 fe 




0. 35 


5 






MA910 


150 


100 


90 


45 © 


200 


20 




0. 35 


5 






MA1702 


200 


100 


45 


30 


500 


200 






100 


7. 0 min 




MA1703 


200 


100 


25 


25 


500 


100 


350 




100 


3. 0 min 




MA1704 


200 


100 


25 


25 


500 


150 


400 




100 


5. 0 min 




MA1705 


200 


100 


25 


25 


500 


200 






100 


6. 0 min 




MA1706 


200 


100 


15 


15 


500 


100 


350 




100 


3. 0 min 




MA1707 


200 


100 


15 


15 


500 


150 


400 




100 


4. 0 min 




MA1708 


200 


100 


15 


15 


500 


200 






100 


5. 0 min 





© Hi-Rel © Ie ® Ib © BVces © Minimum © Vceo © Rbe = IK 
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Germanium Milliwatt Transistors 



2 N3 19 thru 2N321 



CASE 31 

(TO-5) 



Base connected to case 




Vceo = 25 V 

h FE — to 53-121 (min-max) 

f« b — to 2.0 MC 



PNP germanium transistor for audio amplifier 
and low -frequency switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Maximum 


Unit 


Collector-Base Voltage 


V CBO 


25 


Vdc 


Collector-Emitter Voltage 


V CEO 


20 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 


X C 


500 


mAdc 


Junction and Storage Temperature 


V T stg 


-65 to + 100 


°C 


Power Dissipation at 25°C Free Air 


P D 


225 


mW 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector Cutoff Current 
V CB =-25Vdc, I E = 0 


^BO 




16 


//Adc 


Emitter Cutoff Current 
V EB = -15Vdc, I c =0 


r EBO 




10 


Mdc 


Collector-Emitter Voltage 
I c = 0. 6 mAdc, R BE = 10 K 


BV CER 


20 




Vdc 


DC Current Gain 

I c = 20 mAdc, V CE = -1 Vdc 

2N319 
2N320 
2N321 


h FE 


25 
34 
53 


42 
65 
121 




DC Current Gain 

I c = 100 mAdc, V CE = -1 Vdc 

2N319 
2N320 
2N321 


h FE 


23 
30 
47 






Base Input Voltage 

V CE = -1 Vdc » *C = 20 mAdc 


V 

BE 


180 


320 


mVdc 


Output Capacitance; Input AC Open Circuit 
V CB = " 5 Vdc » l E = 1 mAdc » f=1Mc 


C ob 




35 


Pi 


Frequency Cutoff 
V CB = " 5 Vdc ' ! E = 1 mAdc 

2N319 
2N320 
2N321 


f ab 


1.0 
1. 5 
2.0 




Mc 
Mc 
Mc 



7-6 



Germanium Milliwatt Transistors 



2N322 thru 2N324 
2N508 



V CB0 = 18 V 

h FE -to 99-198 (min-max) 

fab - to 2.5 MC 



CASE 31 

(TO-5) 
Base connected to case 




PNP germanium transistors for audio driver and low- 
power output service in entertainment equipment. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Maximum 


Unit 


Collector -Base Voltage 


V CBO 


18 


Vdc 


Collector -Emitter Voltage 


v 

V CEO 


18 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 


<c 


500 


mAdc 


Junction and Storage Temperature 


T. & T . 
J stg 


-65 to + 100 


°C 


Power Dissipation at 25 °C Free Air 


P D 


225 


mW 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector Cutoff Current 
V CB --WVde,I B .0 


^BO 




16 


/nAdc 


Emitter Cutoff Current 
V EB =-3Vdc, I c = 0 


^BO 




16 


juAdc 


Collector-Emitter Voltage 
I c = 0. 6 mAdc, R BE = 5 K 


BV 

CER 


18 




Vdc 


DC Current Gain 

V = -1 Vdc, I r = 20 mAdc 

u 2N322 
2N323 
2N324 
2N508 


h FE 


34 
53 
72 
99 


65 
121 
198 
198 




Base Input Voltage 

V CE = -1 Vdc » l C = 20 mAdc 


V BE 


180 


320 


mVdc 


Output Capacitance; Input AC Open Circuit 
V CB = " 5 Vdc ' *E = 1 rnAdc ' f = 1 Mc 


C ob 




35 


pi 


Frequency Cutoff 

V = -5 Vdc, I = 1 mAdc 
ctJ ^ 2N322 
2N323 
2N324 
2N508 




1.0 
1.5 
2.0 
2.5 




Mc 
Mc 
Mc 
Mc 
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Germanium Milliwatt Transistors 



2n331 

2N331 JAN 



V CB o = 30V 

h fe = 30-70 (min-max) 

f« b - »o 1.5 MC 



CASE 31 

(TO-5) 
All leads isolated 




PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col- 
lector dissipation and storage temperature ratings sig- 
nificantly higher than those of the military specification 
(see maximum ratings table below). 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


-30 


Volts 


Emitter-Base Voltage 


v 

EBO 


-12 


Volts 


Storage Temperature (MIL-S-19500/4C) 


stg 


-65 to + 85 


°c 


Storage Temperature (JAN 2N331) 


T 

stg 


-65 to + 100 


°c 


Collector Dissipation at T. = 25° C 
(MIL-S-19500/4C A 

(Derate 1.25 mW/°C above 25°C) 


P D 


75 


mW 


Collector Dissipation at T. = 25° C 
(JAN 2N331) A 

(Derate 2. 67 mW/°C above 25° C) 


P D 


200 


mW 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Emitter Cutoff Current 
(V EB =-12Vdc, I c = 0) 


! EBO 




-10 


nAdc 


Collector Cutoff Current 
(V CB = -30 Vdc, I E = 0) 


I CBO 




-10 


nAdc 


Small-Signal Open-Circuit Output Admittance 
(V CB = -6 Vdc, Ig = 1. 0 mAdc, f = 1 kc) 


h ob 




l 


jimho 


Small-Signal Short-Circuit Input Impedance 
(V CB = -6 Vdc, Ig = 1. 0 mAdc, f = 1 kc) 


h ib 




50 


Ohms 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio 

(V CE = -6 Vdc, I c = 1.0 mAdc, f = 1 kc) 


fe 


30 


70 




Small-Signal Short-Circuit Forward- Current 
Transfer Ratio Cutoff Frequency 
(V CB = -6 Vdc, Ig = 1 mAdc) 


f hfb 


0.4 




mc 


Output Capacitance 

(V CB = -6 Vdc, I E = 1 mAdc) 


C ob 




50 


Pf 


Noise Figure 

(V CB = -6 Vdc, Ig = 1 mAdc, R g = 1000, ohms, 

f = 1 kc, f-Al cps) 


NF 




20 


db 
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2N331 (continued) 



Germanium Milliwatt Transistors 



POWER-TEMPERATURE DERATING CURVE 




0 10 20 30 40 50 60 70 80 90 100 
T Al AMBIENT TEMPERATURE (°G) 
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Germanium Milliwatt Transistors 



2 N 381thru2N383 y cBO = s ™ , . 

h FE — to 110-250 (mm-max) 
2N2171 f« b -to7.5MC 



(TO-5) 
Base connected to case 




PNP germanium transistors for small-signal audio 
^o^? 1 \\ amplifiers, Class B push-pull output stages and medium - 
speed switching circuits. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


50 


Volts 


Collector-Emitter Voltage (R^ = 10K) 


v 

CER 


25 


Volts 


Emitter-Base Voltage 


V 

EBO 


20 


Volts 


Collector Current 


*C 


400 


mA 


Junction Temperature 


T J 


-65 to +100 


°C 


Collector Dissipation 


P D 






T. = 25°C 
A 




225 


mW 


derate 




3 


mW/°C 


T C = 25°C 




500 


mW 


derate 




6.7 


mW/°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector-Base Cutoff Current 
(V CB = -25 Vdc) 


^BO 




6 


10 


MAdc 


Emitter-Base cutoff Current 
(V EB = -20 Vdc) 


*EBO 




5 


10 


MAdc 


Collector- Emitter Voltage 
(I c = 500 MAdc, R BE = 10K) 


BV CER 


25 






Vdc 


Collector -Emitter Voltage 

(I c =50MAdc, V BE =1.0Vdc) 2N381 

2N382, 2N383, 2N2171 


BV CER 




50 
45 




Vdc 


DC Current Gain 

(I r = 20 mAdc, V r = -1. 0 Vdc) 2N381 
^ 2N382 
2N383 
2N2171 

OU = 100 mAdc, V^ = -1. 0 Vdc) 2N381 
L CE 2N382 

2N383 
2N2171 


h FE 


35 
60 
75 
110 

30 
50 
65 
90 




65 
95 
120 
250 
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Germanium Milliwatt Transistors 



2N381 thru 2N383 
2N2171 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Small Signal Current Gain 

(I c = 10 mA, V = -5. 0 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 




35 
70 
90 
120 


60 
90 
115 
210 


85 
135 
155 
310 




Voltage Feedback Ratio 

(I c = 10 mA, V = -5 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 


h 

re 




0.66 
0.69 
0. 72 
0.75 




X10' 3 


Input Impedance 

(I r = 10 mA, V— = -5. 0 V, f = 1 kc) 
C CE 2N381 

2N382 
2N382 
2N2171 


h ie 




300 
450 
550 
850 




ohms 


Output Admittance 

C UJL 2N381 

2N382 
2N383 
2N2171 


h 

oe 




420 
400 
380 
500 




jumhos 


Transducer Gain 

(R = 300 n R - "lOOfi ) omooi 

(R g = 450 a , R L = 500 ) 2N382 

(R g = 550 n , R L = 500 S2 ) 2N383 

(R g = 785 0 , R L = 500n ) 2N2171 




--- 


36 
38 

39.5 
42.5 




db 


Output Capacitance 

(I c = 1 mA, V CB = -6V) 


c 

Ob 




20 




nf 


Noise Figure 

d r = 1 mA, Vp„ = -6V, R = 1 kc, f = 1 kc) 
C CE g 2N381 

2N382 
2N383 
2N2171 


NF 




6 

5.5 
5.0 
"3.5 




db 


Cutoff Frequency 

dp = 1 mA, V PT , = -6V) 
C CB 2N381 

2N382 
2N383 
2N2171 


f hfb 




3 
4 
5 

7.5 




mc 
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Germanium Milliwatt Transistors 



2n398,2n398 A 

2N398 USN/JAN 



Vcbo=105V 
h FE = 20 (min) 
f «b - to 1 .0 MC (typ) 



CASE 31 

(TO-5) 



PNP germanium transistor for high-voltage, audio- 
frequency applications. 



All leads isolated 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N398A 


2N398 


Unit 


Collector-Base Voltage 


v 

V CBO 


105 


105 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


105 


105 


Vdc 


Emitter -Base Voltage 


v 

V EBO 


50 


50 


Vdc 


DC Collector Current 


*C 


200 


100 


mA 


Emitter Current 


X E 


200 


100 


mA 


Junction Temperature 


T J 


-65 to +100 


-65 to +85 


°C 


Storage Temperature 


stg 


-65 to +100 


-65 to +85 


°c 


Collector Dissipation @ 25°C 


P D 


150 


50 


mW 


Thermal Resistance, Junction to Air 


J A max 


0. 5 


1. 2 


°C/mW 



ELECTRICAL CHARACTERISTICS (Tc = 25-°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector-Base Cutoff Current 


^BO 




12.0 


50 


M 


Collector-Base Cutoff Current 
<V C B = 2 - 5V > t^ 0 ' 


^BO 




5. 0 


14 


M 


Emitter-Base Cutoff Current 


X EBO 




3.0 


50 


mA 


Collector-Emitter Saturation Voltage 
(I c = 5 mAdc; I fi = 0. 25 mAdc) 


V CE (SAT) 




0. 11 


0.35 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 5 mAdc; Ig = 0. 25 mAdc) 


V BE (SAT) , 




0. 22 


0.40. 


Vdc 


DC Current Transf or Ratio 
a c = 5 mAdc; V CE = 0. 35 Vdc) 


h FE 


20 


65 






DC Collector -Emitter Punch-Through Voltage 
(Yqq necessary to obtain V Efi of -IV max, 

using instrument with Z. r > 11 megohm to 

measure V fiE ) 


V 

PT 


105 


160 




Vdc 


Small -Signal Short-Circuit, Forward Current 
Transfer Ratio Cutoff Frequency 
(V CB = 6Vdc; I E = lmAdc) 






1.0 




mc 
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Germanium Milliwatt Transistors 

2N398 (continued) 





7-13 



Germanium Milliwatt Transistors 



Vcbo = 45 V 

h fe = 3T-200 (min-max) 

fa b - to 4 MC (typ) 

PNP germanium transistor for general purpose 
industrial applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


45 


Volts 


Collector -Emitter Voltage (R BE = 1 K) 


v 

CER 


35 


Volts 


Emitter-Base Voltage 


v 

EBO 


10 


Volts 


Collector Current 




400 


mA 


Collector Dissipation 
at 25° C Case Temperature 
Derate above 25° C 
at 25° C Ambient Temperature 
Derate above 25° C 


P D 


500 
6.7 
225 
3 


mW 

mW/°C 
mW 

mW/°C 


Junction Temperature Range 


T J 


-65 to +100 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector -Base Cutoff Current 
(V CB = 45 Vdc) 


^BO 






15 


//Adc 


Emitter-Base Cutoff Current 
(V EB = -10 Vdc) 


^BO 






10 


fiAdc 


C olle c tor -E m itte r V oltage 
(I c = 1 mAdc,R BE = 1 K) 


BV CER 


35 






Vdc 


Small-Signal Current Gain 

(V CB = -6 Vdc, I E = 1 mAdc, f = 1 kc) 


2N460 
2N461 


h fb 


0.94 
0.955 


0.96 
0.968 


0.972 
0.988 




Small -Signal Current Gain 

(V CB = -6 Vdc, I E = 1 mAdc, f = 1 kc) 


2N461 


h fe 


31 




200 




Reverse Voltage Ratio 

(V CB = -6 Vdc, I E = 1 mAdc, f = 1 kc) 


2N460 
2N461 . 


h rb 




2 
3 


15 
15 


X10" 4 


Input Resistance 

(V CB - -6 Vdc, I £ = 1 mAdc, f = 1 kc) 


2N460 
2N461 


lb 


25 
25 


30 


40 
40 


Ohms 


Output Admittance 

(V CB = -6 Vdc, I E = 1 mAdc, f = 1 kc) 


2N460 
2N461 


h . 
ob 




0.8 
0.5 


1. 5 
1.5 


fiohms 


Frequency Cutoff 

(V CE = -5 Vdc, I E = 1 mAdc) 


2N460 
2N461 


f hfb 




1.2 

4 




mc 


Output Capacitance 

(V CB = -10 Vdc, I E = 1 mAdc, f = 1 mc) 


C ob 




20 




Pf 


Noise Figure 

(V CE = -4. 5 Vdc, I E = 0. 5 mAdc, R g = 1 K, f = lkc) 


2N460 
2N461 


NF 




5 
4 




db 
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2n460, 2n461 

2N461 USAF/JAN 



CASE 31 » 

(TO-5) ^ 
Base connected to case 




•Germanium Milliwatt Transistors- 



2N464 thru 2N467 
2N465 USA/JAN 
2N466 JAN 
2N467 USA/JAN 



CASE 31 

(TO-5) 
All leads isolated 




Vcbo = 45 V 
h fe - to 112 (min) 
f« b - to 1.2MC(typ) 

PNP germanium transistor for general purpose appli- 
cations in the audio -frequency range. 



MAXIMUM RATINGS 



Characteristic 



Symbol 



2N464 



2N465 



2N466 



2N467 



Unit 



Collector-Base Voltage 



45 



35 



35 



Volts 



Collector-Emitter Voltage 



Volts 



Emitter-Base Voltage 



12 



Volts 



DC Collector Current 



-500- 



Max. Junction & Storage Temperature 



stg 



Collector Dissipation in Free Air 



Derate above 25° C 



-200- 
-2.67- 



mW/°C 



Thermal Resistance, Junction to Air 



*JA 



-0.375 - 



°C/mW 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Emitter Breakdown Voltage 
(I c = 0. 6 mAdc, R BE = 10 K ohms) 


2N464 
2N465 
2N466 
2N467 


BV CER 


40 
30 
20 
15 






Vdc 


Collector- Base Cutoff Current 
(V CB =20Vdc) 


^BO 




6 


15 




Small Signal Current Gain Cutoff Frequency 
(V CB = 6 Vdc, I £ = 1 mAdc) 


2N464 
2N465 
2N466 
2N467 


f ab 




0.7 
0.8 
1.0 
1.2 




mc 


Small Signal Current Gain 
(V„„ = 6 Vdc, I = 1.0 mAdc, f = 1 kc) 


2N464 
2N465 
2N466 
2N467 


h fe 


14 
27 
56 
112 


26 
45 
90 
180 
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'Germanium Milliwatt Transistors- 



2N464thru 2 N46 7 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max; 


Unit 


Small Signal Input Impedance 
(V,^ = 6 Vdc, I_ = 1. 0 mAdc, f = 1 kc) 2N464 
CE E 2N465 

2N466 
2N467 


h ie 


- 


900 
1400 
3000 
5500 


- 


Ohms 


Small Signal Power Gain 
(V n „ = 6 Vdc, I„ = 1. 0 mAdc, f = 1 kc, matched) 2N464 
CE E 2N465 

2N466 
2N467 


G e 




40 
42 
44 
45 




db 


Noise Figure 

(V CE = 2. 5 Vdc, I E = 0. 5 mAdc, f = 1 kc, R g = 10 Kohms, 
Ai = 1 cps) 


NF 






22 


db 



POWER-TEMPERATURE DERATING CURVE 





200 




180 




160 


1 




1 


140 






1 


120 


1 

z 


100 


o 




<c 






80 


CO 




o 


60 










o 


40 




20 




0 



0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE °C 

Input Current versus Emitter-Drive Voltage 




SMALL SIGNAL CURRENT GAIN versus TEMPERATURE 



800 
600 

400 



200 

100 
80 
60 

40 



-60 -40 -20 0 20 40 60 80 
JUNCTION TEMPERATURE °C 

Small Signal Current Gain versus Collector Current 

(common emitter 1 kc) 



0 .05 .10 .15 .20 .25 .30 .35 .40 .45 
BASE TO EMITTER VOLTAGE (V EB ) VOLTS 




0 10 20 30 40 50 60 70 80 90 100 
COLLECTOR CURRENT (l c ) MILLIAMPERES 
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Germanium Milliwatt Transistors 

2n508 

FOR SPECIFICATIONS, SEE 2N322 DATA SHEET 



2N524 thru 2N527 
2N524A thru 2N527A, Hi-Rel 
2N526 JAN 



Vcbo = 45 V 

h FE - to 72-121 (min-max) 
fa b - to 7.0 MC (max) 



CASE 31 

(TO-5) 




PNP germanium transistor for switching and ampli- 
fier applications in the audio -frequency range. Avail- 
able for military and high-reliability industrial purposes. 



Base connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

CBO 


45 


Vdc 


Collector -Emitter Voltage 


v 

CEO 


30 


Vdc 


Emitter -Base Voltage 


v 

V EBO 


15 


Vdc 


Collector Current 




500 


mAdc 


Storage and Operating Temperature 


T , , T. 
stg' ] 


-65 to +100 


°c 


Collector Dissipation in -Free Air 
@ 25 °C Ambient 


P D 


225 


mW 


Thermal Resistance 
(Junction to Air) 


°JA 


0. 333 


°C/mW 


"Thermal Resistance 
(infinite heat sink) 


6 JC 


0. 15 


°C/mW 
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Germanium Milliwatt Transistors 

2N524 THRU 2N527 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector Cutoff Current 
(V CB = 30 Vdc, I £ = 0) 






^BO 




10 


Mdc 


Emitter Cutoff Current 
(V EB = 15 Vdc, I c = 0) 






^BO 


- 


10 


A/Adc 


Collector-Emitter Breakdown Voltage 
a c = 0. 6 mAdc, R BE = 10K) 


All 1 


Vpes 


BV CER 


30 


- 


/t/Vdc 


Collector-Emitter Reach Through 
(Punch -Thru) Voltage 
(V™ = 1 Vdc, VTVM Z .> 1 Megohm) 






V 

RT 


30 




fiVdc 


Static Forward-Current Transfer Ratio 
(V CE = 1 Vdc, I c = 20 mAdc) 


2N 
2N 
2N 
2N 


524 
325 
526 
527 


h FE 


25 
34 
53 
72 


42 
65 
90 
121 


- 


Small-Signal Short -Circuit Forward 
Current Transfer Ratio Frequency Cutoff 
(V CB = 5 Vdc, I E = 1 mAdc) 


2N524 
2N525 
2N526 
2N527 


£ ab 


0.8 
1.0 
1.3 
1.5 


5. 0 
5. 5 
6.5 
7. 0 


Mc 
Mc 
Mc 
Mc 


(V CB = 5 Vdc, I E = 1 mAdc, f = 1 Mc) 


All Types 


C ob 


5 


40 


P* 


omaii~oigna.i upGn v^ircuii (juiput iiuinituince 
(V CB = 5 Vdc, I £ = 1 mAdc, f = 1 Kc) 


2N524 
2N525 
2N526 
2N527 


h ob 


0. 10 
0. 10 
0. 10 
0. 10 


1.3 
1. 2 
1. 0 
0. 9 


//mho 

//mho 
/J mho 


Small-Signal Open Circuit Reverse Transfer 
Voltage Ratio 
(V CB = 5 Vdc, I £ = 1 mAdc, f = 1 Kc) 


2N524 
2N525 
2N526 
2N527 


h rb 


1.0 
1.0 
1.0 
1.0 


10 
11 
12 
14 


xio I 

X10"J 

xioj 

X10 


Small-Signal Short Circuit Input Impedance 
(V CB = 5 Vdc, I E = 1 mAdc, f = 1 Kc) 


2N524 
2N525 
2N526 
2N527 


h ib 


26 
26 
26 
26 


36 
35 
33 
31 


ohms 
ohms 
ohms 
ohms 


Collector-Emitter Saturation Voltage 






V CE (sat) 








(Ig = 2 mAdc, ,I C = 20 mAdc) 


2N524 








(Ig = 1. 33 mAdc, J c = 20 mAdc) 


2N525 






130 


mVdc 


Og = 1. 0 mAdc , I c = 20 mAdc) ... 


2N526 






130 


mVdc 


(Ig = 0. 67 mAdc, I c = 20 mAdc) 


2N527 






130 


mVdc 












130 


mVdc 


Base Input Voltage 
(V C£ = 1 Vdc, I c = 20 mAdc) 


2N524 
2N525 
2N526 
2N527 


V BE 


220 
200 
190 
180 


320 
300 
280 
260 


mVdc 
mVdc 
mVdc 
mVdc 
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•Germanium Milliwatt Transistors- 



2N524 thru 2N527 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


^vmhnl 

OJIIIUUI 


Minimum 


Maximum 

mdAIIIIUIII 


Unit 


Noise Figure 
(V CB = 5 Vdc, I E = 1 mAdc, 




NF 




15 


db 


f = 1 Kc, BW = 1 Cycle) 


All Types 










Small-Signal Short-Circuit 
Forward-Current Transfer Ratio 
(V CE = 5 Vdc, I E = 1 mAdc, f = 1 Kc) 


2N524 
2N525 
2N526 
2N527 




18 
30 
44 
60 


41 
64 
88 
120 





POWER-TEMPERATURE DERATING CURVE 




COLLECTOR CUTOFF CURRENT versus TEMPERATURE 



25 50 75 

T Al AMBIENT TEMPERATURE (°C) 

The maximum continuous power is related to maximum junction tem- 
perature by the thermal resistance factor. 

This curve has a value of 225mW at case temperatures of 25°C and is 
0 mW at 100°C with a linear relation between the two temperatures such that: 



allowable Po — 



100° • 




-40 -20 0 +20 +40 +60 +80 +100 
TEMPERATURE (°C) 



^ 1.2 
<c 

E 1.0 

z 
o 

s 08 

5 0.6 



h FE VARIATION WITH TIME 











,= 2 


0 mA 







































1000 
TIME (HOURS) 











Vcn 
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1000 
TIME (HOURS) 



COMMON EMITTER INPUT VOLTAGE versus COLLECTOR CURRENT D C BASE CURRENT GAIN versus COLLECTOR CURRENT 
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Germanium Milliwatt Transistors 



2N650,A thru 2N652,A 
2N650A thru 2N652A, Hi- Re I 

2N650A thru 2N652A JAN 

\PNP germanium transistor for switching and ampli- 
fier applications in the audio -frequency range. Available 
for military and high-reliability industrial purposes. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CBO 


45 


Vdc 


Collector- Emitter Voltage 


V CER 


30 


Vdc 


Emitter-Base Voltage 


V 

V EBO 


30 


Vdc 


Collector Current * 
(Continuous) 


l C 


500* 


mAdc 


Junction Temperature Range 


T J (max) 


-65 to +100 


°C 


Storage Temperature Range 


T 

stg 


-65 to +100 


°C 


Collector Dissipation in Free Air 
(Derate 2. 67 mW/°C above 25° C) 


P D 


200 


mW 


Thermal Resistance 
(Junction to Air) 


*JA 


0.375 


°C/mW 


Thermal Resistance 
(Junction to Case) 


*JC 


0.250 


°C/mW 



♦Limited by power dissipation. 

ELECTRICAL CHARACTERISTICS (Ta = 25 W C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Collector-Base Cutoff Current 
(V CB = 30 V, I E = 0) 


All Types 


X CBO 




3.0 


10 


/xAdc 


(V CB = 45 V, I E = 0) 

< V CB = 10V ' I E = 0 ' T A =+71< ' C > 








55 


50 
100 




Emitter- Base Cutoff Current 
<V EB =30V, I c = 0) 


X EBO 




3.0 


10 


jiAdc 


Collector-Emitter Leakage Current 
(V CE =30V, R BE =10K) 


All Types 


X CER 






600 


/lAdc 


Collector-Emitter Punch- Thru Voltage 
(v F = 1. 0 V) 


All Types 


V 


45 






Vdc 


Output Capacitance 
< V CB " 6 V < l E m °> 


All Types 


C ob 




10 


25 


Pf 


Noise Figure 

(V CE = 4. 5 V, I E = 0. 5 mA, 


All Types 


NF 




5 


15 


db 


R g = 1 K, f = 1 kc, At = 1 cps) 














Small Signal Current Gain Cutoff Frequency 
(V CB = 6 V, I E = 1 mA) 


2N650 
2N651 
2N652 


f ab 


0.75 

1.0 

1.25 


1.5 
2.0 
2.5 




mc 



Vcbo = 45 V 

hpE - to 80 (min) 

fa b - to 2.5 MC (typ) 
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Germanium Milliwatt Transistors 



2N650 thru 2N652 (continued) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Input Impedance 

(V = 6 V, L, = 1 mA, f = 1 kc) 2N650. 
CB E 2N651 

2N652 


h. u 
lb 


27 
27 
27 


31 
34 
35 


37 
37 
37 


Ohms 


Output Admittance 

(V^ D = 6V, L = l mA, f = 1 kc) 2N650 
CB E 2N651 

2N652 


h , 
ob 


0.2 
0.2 
0.2 


0.65 
0. 60 
0.55 


1.0 
0.9 
0.8 


/iimho 


Small Signal Current Gain 

(V,^ =6V,L = 1 mA, f = 1 kc) 2N650 
CE E 2N651 

2N652 


li- 
fe 


30 
50 
100 


49 
80 
130 


70 
120 
225 




DC Current Transfer Ratio 

(V = 1.0V, L = 10mA) 2N650 
U 2N651 
2N652 


h FE 


33 
45 
80 


44 
75 
115 


- 




Base- Emitter Drive Voltage 

(Vi-tr? = 1. 0 V, I p = 10 mA) 2N650 
^ U 2N651 

2N652 


V 

EB 




0. 245 
0.235 
0.225 


0. 270 
0. 260 
0.250 


Vdc 


Collector-Emitter Saturation Voltage 

(I_ = 50 mA, I_ = 2. 5 mA) 2N650 

(I^ = 50 mA, Ig = 1. 67. mA) 2N651 

(I c = 50 mA, I B = 1. 25 mA) 2N652 


V CE (sat) 


_ 


0. 175 
0. 175 
0. 175 


0.250 
0. 250 
0.250 


Vdc 


Collector-Emitter Saturation Voltage 

(I c = 100 mA, I B = 5. 0 mA) 2N650 

(I c = 100 mA, I B = 3. 33 mA) 2N651 

(I c = 100 mA, I B = 2. 5 mA) 2N652 


V CE (sat) 




0.250 
0.250 
0.250 


0. 500 
0. 500 
0. 500 


Vdc 



POWER-TEMPERATURE DERATING CURVE 




0 20 40 60 80 100 120 140 160 180 200 
l c , COLLECTOR CURRENT (mA) 
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Germanium Milliwatt Transistors 



2N653thru 2N655 

CASE 31 

(TO-5) 

All leads isolated 

MAXIMUM RATINGS 




Vcbo = 30 V 

h fe - to 100-250 (min-max) 
fa b - to 2.5 MC (typ) 

PNP germanium transistor, for high-gain amplifier 
and switching service in the audio frequency range. 



Characteristic 


Symbol 


Rating 


Unit 


Collector to Base Voltage 


V CBO 


30 


Volts 


Collector to Emitter Voltage 


V CER 


25 


Volts 


Emitter to Base Voltage 


V 

v EBO 


25 


Volts 


Collector D. C. Current * 


*C 


250* 


mA 


Junction Temperature Limits 


T J 


-65 to +100 


°C 


Storage Temperature Limits 


T 

stg 


-65 to +100 


°C 


Collector Dissipation in Free Air 
Derate 2.67 mW/°C above 25°C 


P D 


200 


mW 


Thermal Resistance, Junction to Air 


*JA 


0.375 


°C/mW 



♦Limited by power dissipation. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N653 


2N654 


2N655 


Unit 


Min 


Max 


Typ 


Min 


Max 


Typ 


Min 


Max 


Typ 


Small Signal Current Gain 
V CE = 6 V, I £ = 1. 0 mA, f = 1 kC 


h fe 


30 


49 


70 


50 


80 


125 


100 


130 


250 




Small Signal Input Impedance 
V CE = 6V, I £ = 1.0 mA, £= lkC 


h ie 


750 




2900 


1500 




4700 


3000 




8500 


ohms 


Small Signal Current Gain Cutoff 
Frequency 
V CB = 6 V, I E = 1. 0 mA 


f ab 




1.5 






2.0 






2.5 




mc 


Output Capacity 
V CB = 6 V ' I E = 0 mA ' f = 1 mc 


C ob 




10 






10 






10 




P* 


Noise Figure 
V CE = 4. 5 V, I £ = 0. 5 mA, 

Rg = 1, f = lkC 
Ai = 1 cps 


NF 




10 






10 






10 




db 


Collector Reverse Current 

v cb ■ 25 v - h " 0 


X CBO 




5 


15 




5 


15 




5 


15 




Emitter Reverse Current 
V EB = 25V ' 


'ebo 




5 


15 




5 


15 




5 


15 




Collector-Emitter Reverse Current 
v CE - 25V > ^E' 1011 


! CER 






600 






600 






600 




Base -Emitter Input Voltage 
V CE = 6 V, I c = 1. 0 mA 


V 

BE 






0.3 






0.3 






0.3 


Vdc 
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Germanium Milliwaif Transistors 



2N653 thru 2N655 (continued) 




OUTPUT CURRENT versus BASE DRIVE VOLTAGE 









2N65 
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I 
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9 
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BASE TO EMITTER VOLTAGE ( V^) VOLTS 



LARGE SIGNAL CURRENT GAIN 
versus COLLECTOR CURRENT 

BASE TO EMITTER VOLTAGE (Vbe) VOLTS 
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"Germanium Milliwatt Transistors- 



2n1008,A,B 

2N1008B USA/JAN 



Vcbo = 60V 

h fe = 40-150 (min-max) 




PNP germanium transistor for audio driver and med- 
ium speed switching applications. 



CASE 31 

(TO-5) 
All leads isolated 



MAXIMUM RATINGS 



Characteristics 


Symbol 


2N1008 


2N1008A 


2N100BB 


Unit 


Collector-Base Voltage 


v CBO 


20 


40 


60 


Volts 


Collector -Emitter Voltage 


v CEO 


20 


40 


60 


Volts 


Emitter-Base Voltage 


v EBO 


15 


Volts 


Collector Current 




300 


mAdc 


Base Current 




30 


mAdc 


Collector Dissipation 
T A = 25°C 
derate 
T c = 25°C 
derate 




200 
2.78 
300 
4.0 


mW 
mW/°C 
mW 
mW/°C 


Junction and Storage Temperature Range 




-65 to +100 


°C 



ELECTRICAL CHARACTERISTICS (At 25 -C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


UNIT 


Collector Leakage Current 


*CBO 








yAdc 


(V C fi = 10 Vdc) 2N1008 




5 


10 




(VcB = 10 Vdc, T A = 85°C) 2N1008 








500 




(VCB = 25 Vdc) 2N1008A 






5 


10 




(V C B = 25 Vdc, T A = 85°C)2N1008A 








500 




(V CB = 45 Vdc) 2N1008B 






7 


15 




(V CB = 45 Vdc, T A = 85°C) 2N1008B 








750 




Emitter Leakage Current 


^BO 








yAdc 


(V EB = 10 Vdc) 2N1008 




5 


10 




2N1008A 








10 




2N1008B 








10 




Collector-Emitter Breakdown Voltage 


BV CE R 








Vdc 


(I C = 1.0 mAdc, R BE = 10 K) 










2N1008 




15 








2N1008A 




35 








2N1008B 




55 








Collector -Emitter Saturation Voltage 


V CE (sat) 








Vdc 


(IC = 100 mAdc, I B = 10 mAdc) 






0.25 




Small Signal Current Gain 


"fe 










(I c = -10 mAdc, V CE = 5.0 Vdc, 












f = lkc) 




40 




150 




Input Resistance (V CB = 6 V, I £ = 1 mA) 


^e 


200 




1000 


ohms 
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Germanium Milliwatt Transistors 

2N U75 

FOR SPECIFICATIONS, SEE 2N1413-2N1415 DATA SHEET 



2Nl 185 thru 2N1188 



Vcbo = 60 V 

h F E - to 130-1 70 (min-max) 
fa b - to 3.0 MC 



CASE 31 

(TO-5) 



All leads isolated from case 




PNP germanium transistors for high-gain audio ampli - 
fier and switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 

2N1185 

2N1186-2N1188 


v 

CBO 


45 
60 


Vdc 


Collector -Emitter Voltage 

2N1185 

2N1186-2N1188 


v 

CER 


30 
45 


Vdc 


Emitter -Base Voltage 


V 

EBO 


30 


Vdc 


Collector Current 
(Continuous) 


'c 


500* 


mAdc 


Storage and Operating Temperature 


T stg> T J 


-65 to +100 


°C 


Collector Dissipation in Free Air 
(Derate 2.67 mW/°C above 25° C) 


P D 


200 


mW 


Thermal Resistance 
(Junction to Air) 


*JA 


0.375 


°C/mW 


Thermal Resistance 
(Junction to Case) 


*JC 


0.250 


°C/mW 



♦Limited by power dissipation 
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Germanium Milliwatt Transistors 

2N 1 1 85 thru 2N 11 88 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Cutoff Current 

(V C B = 30 v > *E = °) 2N1185 
(V CB = 45 V, I E = 0) 2N1186 thru 2N1188 
(Vqb = 60 v > : E = °) 2N1186 thru 2N1188 
(V C B = 10 V, I E = 0, T A = +71° C) All Types 


^BO 


- 
- 


3.0 
5.0 

55 


10 
10 
50 
100 


fi Adc 


Emitter -Base Cutoff Current 

(V EB = 30 V, I c = 0) All Types 


^BO 




3.0 


10 




Collector -Emitter Leakage Current 

(V C E = 30 V, R BE = 10 K) 2N1185 

(Vqe = 45 v » R BE = 10 K ) 2N1186 thru 2N1188 


X CER 


_ 




600 
600 


fi Adc 


Collector-Emitter Punch-Thru Voltage 

(V = 1. 0 V, 2N1185 

„!„...■ . >> , . v 2N1186 thru 2N1188 
VTVM Impedance >1M ohm) 


v 


45 
60 






Vdc 


Output Capacitance 

(v = 6 V I =0) All Tvoes 


C ob 




10 


25 


Pf 


Noise Figure 

(V CE = 4. 5 V, I E = 0. 5 mA, All Types 
R = 1 K, 'f = 1 kc, Ai = 1 cps 


NF 


- 


5 


15 


db 


Small Signal Current Gain Cutoff 
Frequency 

(V = 6 V, I„ = 1 mA) 2N1185 
LU ^ 2N1186 
2N1187 
2N1188 


f ab 


1. 75 
0.75 
1.0 
1.25 


3.0 
1.5 
2.0 
2.5 


- 


mc 


Input Impedance 

(V = 6 V, I„ = 1 mA, f = 1 kc) 2N1185 
LtJ ^ 2N1186 
2N1187 
2N1188 


h ib 


27 
27 
27 
27 


35 
31 
34 
35 


37 
37 
37 
37 


Ohms 


Output Admittance 

(V = 6 V, 1=1 mA, f = 1 kc) 2N1185 
^ a * 2N1186 
2N1187 
2N1188 


h , 
ob 


0.2 
0.2 
0.2 
0.2 


0.50 
0.65 
0.60 
0. 55 


0.7 
1.0 
0.9 
0.8 


//mho 


Small Signal Current Gain 

(V nT? = 6 V, U = 1 mA, f - 1 kc) 2N1185 
Lbl h 2N1186 

2N1187 
2N1188 


li- 
fe 


190 
30 
50 

100 


260 
49 
80 

130 


400 
70 
120 
225 




DC Current Transfer Ratio 

(y n „ = 1.0 V, I„ = 10 mA) 2N1185 
CE C 2N1186 
2N1187 
2N1188 


h FE 


130 
33 
45 
80 


170 
44 
75 

115 
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-Germanium Milliwatt Transistors - 



2m IBS thru 2N1188 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Base -Emitter Input Voltage 

(V =1.0 V, I n = 10 mA) 2N1185 
^ ^ 2N1186 
2N1187 
2N1188 


V BE 




0.215 
0.245 
0.235 
0.225 


0.240 
0.270 
0.260 
0.250 


Vdc 


Collector -Emitter Saturation Voltage 

(I c = 50 mA, I B = 1.0 mA) 2N1185 
(I c = 50 mA, I B = 2.5 mA) 2N1186 
(I c = 50 mA, I B = 1. 67 mA) 2N1187 
(I c = 50 mA, I B = 1.25 mA) 2N1188 


V CE (sat) 




0.175 
0.175 
0.175 
0.175 


0.250 
0.250 
0.250 
0.250 


Vdc 


Collector-Emitter Saturation Voltage 

(I c = 100 mA, I B = 2. 0 mA) 2N1185 
(I c = 100 mA, I B = 5. 0 mA) 2N1186 
(I c = 100 mA, I B = 3.33 mA) 2N1187 
(I c = 100 mA, I = 2. 5 mA) 2N1188 


V CE (sat) 




0.250 
0.250 
0.250 
0.250 


0.500 
0. 500 
0. 500 
0.500 


Vdc 



SMALL SIGNAL CURRENT GAIN(h (e ) versus TEMPERATURE 

(Typical, All Types) 
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OUTPUT CURRENT versus BASE DRIVE VOLTAGE DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
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Germanium Milliwatt Transistors 



V CBO = 45V 

h FE = to 100 (MIN) 

fa b - to 4.5 MC (typ) 

PNP germanium transistors for high-gain audio am- 
plifier and switching applications. 



Characteristic 


Symbol 


Rating 


Unit 


v.* uiicLiUi "ijaou V Ullage; 


v 

v CBO 


45 


Vdc 


Collector-Emitter Voltage 


v 

CER 


30 


Vdc 


Emitter -Base Voltage 


v 

V EBO 


15 


Vdc 


Collector Current 
(Continuous) 




500* 


mAdc 


Junction, Storage Temperature 


T J' T stg 


-65 to +100 


°C 


Collector Dissipation in Free Air 
(Derate 2.67 mW/° C above 25° C) 


P D 


200 


mW 


Thermal Resistance 
(Junction to Air) 


*JA 


0.375 


°C/mW 


Thermal Resistance 
(Junction to Case) 


«TC 


0.250 


°C/mW 



♦Limited by power dissipation. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Types 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Cutoff Current 
(V CB = 30 Vdc,I E = 0) 
(V CB = 45 Vdc,I E = 0) 
(V CB = 10 Vdc,I E = 0, T A = + 71°C) 




X CBO 




3.0 

55 


10 
50 
100 


//Adc 


Emitter-Base Cutoff Current 
(Veb = 15 Vdc, I c = 0) 




*EBO 




3.0 


10 


n Adc 


Collector-Emitter Leakage Current 
(V CE = 30 Vdc, R BE = 10K) 




J CER 






600 


#Adc 


Collector- Emitter Punch-Thru Voltage 

(Veb = 1 vdc > VTVM Impedance > 1 M ohm 




v pt 


45 






Vdc 


Output Capacitance 

(V CB = 6Vdc,I E = 0,f = 1 mc) 




c ob 




12.0 


25 


pf 


Noise Figure 

(V CE = 4.5 V dc , I E = 0.5 mAdc 
R g = 1 K, f = 1 kc, At = 1 cps) 




NF 




5 


15 


db 


Small-Signal Current-Gain Cutoff Frequency 
( V CB = 6 Vdc, I E = 1 mAdc) 


2N1189 
2N1190 


f hfb 


1.75 
2.25 


3.5 
4.5 




mc 
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2n1189 /2 n1190 



CASE 31 

(TO-5) 

All leads isolated 
MAXIMUM RATINGS 




Germanium Milliwatt Transistors 

2N1189, 2N1190 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Type 


Symbol 


Win 


Typ 


Max 


Unit 


Input Impedance 

(V CB = 6 Vdc, I E = 1 mAdc, f = 1 kc) 




h ib 


27 


31 


37 


Ohms 


Output Admittance 

(V CB = 6 Vdc, I E = 1 mAdc, f = 1 kc) 




h ob 


0.1 




0.9 


//mho 


Small Signal Current Gain 

(V CE = 6 Vdc, Ie = 1 mAdc, f = 1 kc) 


2N1189 
2N1190 


bfe 


75 
125 


120 
190 


175 
300 




DC Current Transfer Ratio 

< V CE = 1 *° vdc ' : E = 10 mAdc) 


2N1189 
2N1190 


h FE 


60 
100 


115 
170 


- 





Base-Emitter Drive Voltage 

(V C e = 1.0 Vdc, Ie = 10 mAdc) 


2N1189 
2N1190 


V BE 




0.24 
0.22 


0.26 
0.25 


Vdc 


Collector- Emitter Saturation Voltage 




V CE 








Vdc 


(IC = 50 mAdc, I B = 1.5 mA) 
(I c = 50 mAdc, I B = 1.0 mA) 
dc = 100 mAdc, I B = 3.0 mA) 
(IC = 100 mAdc, Ib = 2.0 mA) 


2N1189 
2N1190 
2N1189 
2N1190 


(sat) 




0. 14 
0. 15 
0. 17 
0. 19 


0.22 
0.22 
0.3 

0:3 





SMALL SIGNAL CURRENT GAIN(h,J versus TEMPERATURE POWER-TEMPERATURE DERATING CURVE 




T,, JUNCTION TEMPERATURE (°C) TEMPERATURE (°C) 
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-Germanium Milliwatt Transistors- 



2Nll91thru2Nl194 



CASE 31 

(TO-5) 
All leads isolated 




Vcbo = 40 V 

h FE - to 125-600 (min-max) 
f« b - to3.0MC (typ) 



PNP germanium transistors for high -gain audio am- 
plifier and switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


BV CBO 


40 


Vdc 


Collector -Emitter Voltage 


BV CER 


25 


Vdc 


Emitter -Base Voltage 


BV EBO 


25 


Vdc 


Collector Current 
(Continuous) 


r c 


200 


mAdc 


Storage and Operating Temperature 


T stg> T J 


-65 to +100 


°C 


Collector Dissipation in Free Air 
(Derate 2. 67 mW/°C above 25°C) 




200 


mW 


Thermal Resistance 
(Junction to Air) 




0.375 


°C/mW 


Thermal Resistance 
(Junction to Case) 


"jc 


0.250 


°C/mW 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typical 


Max 


Unit 


Collector -Base Cutoff Current 
< V CB= 25V ' "e"" 


All Types 


*CBO 






15 


fiAdc 


( v cb = i.ov, i E = o) 








2.0 




/iAdc 


Emitter-Base Cutoff Current 
(V EB = 25 V > *C " 0) 


All Types 


^BO 






15 




Collector -Emitter Leakage Current 
(V CE = 25V, R BE = 10K) 


All Types 


J CER 






600 


/iAdc 


Output Capacitance 

(V CE = 6 V, I E = 1.0mA) 


All Types 


C ob 




20 




pf 


Noise Figure 

(V CE = 4.5V, I E = 0.5mA, 


All Types 


NF 




10 




db 


f = 1 kc, R g = 100 ohms) 














Small Signal Current Gain Cutoff Frequency 
(V CB =6V, I E = 1.0 mA) 


2N1191 
2N1192 
2N1193 
2N1194 


f ab 




1.5 
2.0 
2.5 
3.0 




mc 
mc 
mc 
mc 
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"Germanium Milliwatt Transistors" 



2N1 191 thru 2N1 194 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typical 


Max 


Unit 


Small Signal Current Gain 
(V CE = 6V, I E = 1.0 mA, 

f = 1 kc) 


2N1191 
2N1192 
2N1193 
2N1194 


h fe 


30 
50 
100 
190 


40 
75 
160 
280 


70 
125 
250 
500 


- 


DC Current Gain 

(V CE = 1 V, I c = 10 mA) 


2N1191 
2N1192 
2N1193 
2N1194 


h FE 


20 
40 
70 
125 


- 


80 
135 
300 
600 


- 


Small Signal Power Gain 
(V CE = 6 V, I E = 1.0 mA, 

f = 1 kc, matched) 


2N1191 
2N1192 
2N1193 
2N1194 


G e 




42 
44 
46 
48 




db 
db 
db 
db 


Base -Emitter Input Voltage 
(V CE = 6 V, I c = 1.0 mA) 


All Types 


V 

BE 






0.3 


Vdc 



OUTPUT CURRENT versus BASE DRIVE VOLTAGE 



DC CURRENT TRANSFER RATIO 
versus CURRENT COLLECTOR 









2N119 


ft 




-2N119J 






; = 1 V( 


LT 


1194 


( i 




rl 

— -2N1 


91 












■f 










/ 


\ 


f / 










4 
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SMALL SIGNAL CURRENT GAIN (h fe ) 
versus TEMPERATURE 
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Germanium Milliwatt Transistors 

V CB o = 50V 
h FE = 10 (min) 

PNP germanium transistor for high voltage neon dri- 
ver, solenoid and relay driver circuits. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

V CBO 


50 


Volts 


Collector -Emitter Voltage 


V 

V CES 


50 


Volts 


Emitter-Base Voltage 


v 

V EBO 


10 


Volts 


Collector Current 


l c 


200 


raA 


Collector Dissipation at T A = 25°C 


P D 


150 


mW 


derating factor 




2.0 


mW/°C 


Junction Temperature Range 


T J 


-65 to +100 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°G unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Base Cutoff Current 
(V CB = 5Vdc, 1^0) 


r CBO 




7 


//Adc 


Emitter -Base Cutoff Current 
(V EB = 5Vdc, I c = 0) 


X EBO 




7 


yuAdc 


Collector -Emitter Leakage Current 
(V CB = 50Vdc, R BE = 0) 


J CES 




150 


/iAdc 


Collector -Base Breakdown Voltage 
(I c = 25 »Adc, I E = 0) 


BV CBO 


50 




Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 25 ^Adc, I c = 0) 


BV EBO 


10 




Vdc 


Collector -Emitter Punch- Thru Voltage 
(I E = 25 nAdc) 


V pt 


50 




Vdc 


Base-Emitter Input Voltage 

(I B = 1.0 mAdc, V CE = 1.0 Vdc) 


V BE 




0.6 


Vdc 


DC Current Gain 

(V CE = 1 Vdc, I B = 1 mAdc) 


h FE 


10 






Small Signal Current Gain 

(V CE = 5. 0 Vdc, I E = 1. 0 mA, f = 1 kc) 


h fe 


10 






Output Admittance 

(V CB = 5.0 Vdc, I E = 1.0 mA, f = 1 kc) 


h ob 




2.0 


fimhos 



2n1408 



CASE 31 

(TO-5) 

All leads isolated 
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Germanium Milliwatt Transistors 



2Nl413thru2Nl415 BV CBO = 35 V 

2N1175 ? FE "!°f,Mr n l •» 

fa b - to 1.5 MC(min) 



CASE 31 

(TO-5) 



Base connected to case 




PNP germanium transistor for general purpose low- 
frequency amplifier and switching applications. Char- 
acteristic curves similar to 2N524-2N527 series. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Maximum 


Unit 


Collector -Base Voltage 


v 

V CBO 


35 


Vdc 


Collector -Emitter Voltage 


v 

V CEO 


25 


Vdc 


Emitter-Base Voltage 


V 

V EBO 


10 


Vdc 


Collector Current 


*c 


500 


mAdc 


Junction and Storage Temperature 


T j &T stg 


-65 to +100 


°C 


Power Dissipation at 25°C Free Air 


P D 


225 


mW 
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Germanium Milliwatt Transistors 

2N1413 thru 2N1415 , 2N1 175 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector Cutoff Current 
v CB = 30 Vdc, i E = o 


r CBO 




12 


fiAdc 


Emitter Cutoff Current 
V - 10 Vdc T - 0 
EB " 1 ' C ~ 


! EBO 




10 


//Adc 


Collector -Emitter Voltage 
I c = 0. 6 mAdc, R BE = 10 K 


BV CER 


25 


- 


Vdc 


Punch-Thru Voltage 


V pt 


25 




Vdc 


DC Current Gain 
I r = 20 mAdc, V p „ = 1 Vdc 
^ ^ 2N1413 
2N1414 
2N1415 
2N1175 


h FE 


25 
34 
53 
70 


42 
65 
90 
140 


- 
- 


DC Current Gain 

I p = 100 mAdc, V p „ = 1 Vdc 
U U£j 2N1413 
2N1414 
2N1415 
2N1175 


h FE 


23 
30 
47 
62 


- 


- 


Base Input Voltage 

V r = 1 Vdc, I = 20 mAdc 

U 2N1175 


v 

BE 




260 


mVdc 


Output Capacitance; Input AC Open Circuit 
V CB = 5 Vdc, I E = 1 mAdc, f = 1 Mc 


C ob 


- 


40 


Wit 


Frequency Cutoff 

V„„ = 5 Vdc, I_ = 1 mAdc 
CE E 2N1413 
2N1414 
2N1415 
2N1175 


<ab 


0. 8 
1.0 
1.3 

1. 5 


- 


Mc 
Mc 
Mc 
Mc 


Small-Signal Short-Circuit Forward- Transfer Current Ratio 
V CE = 5 Vdc ' *e = 1 mAdc > f = 1 Kc 
2N1413 
2N1414 
2N1415 
2N1175 


h fe 


20 
30 
44 
60 


41 
64 
88 
120 




Small-Signal Open Circuit Output Admittance 
V CB = ^ ^ dc ' *E = 1 mAdc > i = I Kc 
2N1413 
2N1414 
2N1415 
2N1175 


h u 
ob 


0.10 
0. 10 
0. 10 
0. 10 


1.3 
1.2 
1.0 
0.9 


/*moh 
//mho 
j/mho 
//mho 


Small-Signal Open-Circuit Reverse -Transfer Voltate Ratio 
V CB = 5 Vdc ' *E = 1 mAdc ' f = 1 Kc 
2N1413 
2N1414 
2N1415 
2N1175 


rb 


1.0 
1.0 
1.0 
1.0 


10 
11 
12 
14 


XIO * 

xio"! 

X10 ^ 
X10 


Small-Signal Short-Circuit Input Impedance 
V CB = 5 Vdc ' J E = 1 mAdc > f = 1 Kc 
2N1413 
2N1414 
2N1415 
2N1175 


h., 
lb 


26 
26 
26 
26 


36 
35 
33 
31 


ohms 
ohms 
ohms 
ohms 



7-34 



Germanium Milliwatt Transistors 



2N 



thru 2N 



Vcbo - to 30 V 

h FE - fro 60- 120 (min-max) 

f<* b - to 4 MC (typ) 



CASE 31 

(TO-5) 



Base connected to case 




PNP germanium transistors for audio driver appli- 
cations in transistorized radio receivers. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1705 


2N1706 


2N1707 


Unit 


Collector- Base Voltage 


V CBO 


18 


25 


30 


Volts 


Collector- Emitter Voltage (R BE = 1 K) 


V CER 


12 


18 


25 


Volts 


Emitter- Base Voltage 


V EBO 


5 


5 


10 


Volts 


Collector Current 


X C 


400 


mA 


Collector Dissipation at T c = 25 °C 


P D 


200 


mW 


Junction Temperature Range 


T J 


-65 to +100 


°C 



7-35 



Germanium Milliwatt Transistors 



2NT705 thru 2N1707 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Base Cutoff Current 
(V p _ = -10 Vdc) 2N1705 
^ a 2N1706 
(V cv = -25 Vdc) 2N1707 


^BO 




5 


10 
10 
15 


fiAdc 


Emitter- Base Cutoff Current 
(V.- = -5 Vdc) 2N1705 
tjB 2N1706 
(V^ = -10 Vdc) 2N1707 


*EBO 




4 


20 
20 
10 


fiAdc 


Collector- Emitter Voltage 
(I n = 1 mAdc, R„„ = 1 K) 2N1705 
u atj 2N1706 

2N1707 


BV CER 


12 
18 

25 


... 


— 


Vdc 


Base- Emitter Voltage 
(I c = 10 mA, V CE = 5 V) 2N1706 

(I c = 20 mA, V CE = 1 V) 2N1705 


V BE 


0. 15 
0.2 


... 


0.35 
0.4 


V 


DC Current Gain 
(I c = 10 mAdc, V CE = -5 V) 2N1707 

(I c = 20 mAdc, V CE = -1 V) 2N1706 


h FE 


40 
60 


90 


150 
120 




Small Signal Current Gain 
(I c = 1 mA, V QE = -6 V, f = 1 kc) 2N1705 

(I c = 10 mA, V QE = -5 V, f = 1 kc) 2N1706 

2N1707 




70 
50 
30 


110 
90 


150 
150 
150 


... 


Output Admittance Conductance 
(I c = 1 mA, V QB = -6 V, f = 1 kc) 2N1705 

(I c = 10 mA, V CE = -5 V, f = 1 kc) 2N1706, 2N1707 


h , 
ob 


___ 


0.5 
3.0 




//mhos 


Input Impedance 
(I Q = 1 mA, V CE = -6 V, f = 1 kc) 2N1705 

(I c = 10 mA, V CE = -5 V, f = 1 kc) 2N1706, 2N1707 


lb 


— 


30 
4 


... 


ohms 


Voltage Feedback Ratio 
(I c = 1 mA, V CB = -6 V, f = 1 kc) 2N1705 

(I c = 10 mA, V c = -5 V, f = 1 kc) 2N1706 

2N1707 


h rb 
h re 
h rb 




3 

0.69 
4.5 




_4 

X10 

X10" 3 
.4 

X10 


Frequency Cutoff 
(I p = 1 mA, V p = -6 V) 2N1706, 2N1707 
u 2N1705 


<ab 




3 
4 




mc 


Output Capacitance 
(I c = 1 mA, V CB = -6 V, f = 1 mc) 


C ob 




20 




Pf 


Noise Figure 

(I c = 1 mA, V CB = -6 V, R = 1 K, f = 1 kc) 2N1705 


NF 




6 




db 
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Germanium Milliwatt Transistors 



2Nl 924 thru 2Nl 926 BVcbo = 60 V 

h FE - to 72 (m in) 

fa b - to 1 .5 MC (min) 



CASE 31 

(TO-5) 
Base connected to case 




PNP germanium transistors for general purpose, low- 
frequency applications. Characteristics curves similar 
to 2N524-2N527 series. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Maximum 


Unit 


Collector-Base Voltage 


v 

v CBO 


60 


Vdc 


Collector-Emitter Voltage 


V CEO 


40 


Vdc 


Emitter- Base Voltage 


v 

V EBO 


25 


Vdc 


Collector Current 


l c 


500 


mAdc 


Junction and Storage Temperature 


T J &T stg 


-65 to +100 


°C 


Power Dissipation at 25° C Free Air 


P D 


225 


mW 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector Cutoff Current 
V CB = -45 Vdc, I E = 0 


X CBO 




10 


/xAdc 


Emitter Cutoff Current 
V EB - -25 Vdc, I c = 0 


^BO 




10 


/iAdc 


Collector -Base Voltage 
I c = 200juiAdc, I E = 0 


v 

V CBO 


60 




Vdc 


Collector-Emitter Voltage 

I c = 50 M Adc, V BE = +1. 5 Vdc, R BE = 10 K 


v 

V CEX 


50 




Vdc 


Collector- Emitter Voltage 
1^ = 0. 6 mAdc, R-„ = 10 K 


v 

V CER 


40 




Vdc 


Punch-Thru Voltage (V EB = 1 Vdc, VTVM Z 2. 1 Megohm) 


V 


50 




Vdc 
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Germanium Milliwatt Transistors 

2N 1924 thru 2N1926 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max . 


Unit 


DC Current Gain 

I r = 20 mAdc, V = -1 Vdc 
U u ** 2N1924 
2N1925 
2N1926 


h FE 


34 
53 
72 


65 
90 
121 


- 


DC Current Gain 

I n = 100 mAdc, V n „ = -1 Vdc 
L CL 2N1924 
2N1925 
2N1926 


FE 


30 
47 
65 


- 


- 


Collector-Emitter Saturation Voltage 

I B = 1.33 mAdc, I c = 20 mAdc 2N1924 

I B = 1. 0 mAdc, I c = 20 mAdc 2N1925 

I D = 0. 67 mAdc, l„ = 20 mAdc 2N1926 
o t. 


V CE(SAT) 


50 
55 
60 


110 
110 
110 


mVdc 
mVdc 
mVdc 


Base Input Voltage 

V„„ = -1 Vdc, l r = 20 mAdc 
U£l ■ 2N1924 
2N1925 
2N1926 


V BE 


200 
190 
180 


300 
290 
2 80 


mVdc 
mVdc 
mVdc 


Output Capacitance; Input AC Open Circuit 
V CB = " 5 Vdc ' l E = 1 mAdc > f = 1 Mc 


C ob 




30 


P* 


Frequency Cutoff 
V„„ = -5 Vdc, I„ = 1 mAdc 
UtJ ** 2N1924 
2N1925 
2N1926 


f ab 


1.0 
1. 3 
1. 5 




Mc 
Mc 
Mc 


Small-Signal Short-Circuit Forward- Transfer Current Ratio 
V n „ = -5 Vdc, I„ = 1 mAdc, f = 1 Kc 
CJi * 2N1924 
2N1925 
2N1926 


h fe 


30 
44 

60 


64 
88 
120 




Small-Signal Open Circuit Output Admittance 
V = -5 Vdc, Ip, = 1 mAdc,f = 1 Kc 
^ * 2N1924 
2N1925 
2N1926 


h oe 


15 
20 
25 


60 
65 
70 


jimho 
pi mho 
fxmho 


Small-Signal Open-Circuit Reverse- Transfer Voltage Ratio 
V 0 „ = -5 Vdc, I„ = 1 mAdc, f = 1 Kc 
CE E 2N1924 

2N1925 

2N1926 


h re 


2 
3 
4 


8 
9 

10 


X10" 4 
X10" 4 
X10" 4 


Small-Signal Short-Circuit Input Impedance 
V n „ = -5 Vdc, I„ = 1 mAdc, f = 1 Kc 
Gtl E 2N1924 
2N1925 
2N1926 


h ie 


700 
1200 
1500 


2200 
3200 
4200 


ohms 
ohms 
ohms 
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•Germanium Milliwatt Transistors- 



2n2042 2n2043 

2N2042A thru 2N2043A, Hi- Re I 




V CB o= 105 V 

h FE — to 40-100 (min-max) 

f « b - to 0.75 MC 



CASE 31 

(TO-5) 

MAXIMUM RATINGS 



PNP germanium transistor suitable for high-voltage 
audio switching and amplifier applications. Suitable for 
high-reliability projects- 

All leads isolated from case 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

V CBO 


105 


Vdc 


Collector -Emitter Voltage 


V CES 


105 


Vdc 


Emitter -Base Voltage 


v 

V EBO 


75 


Vdc 


Collector Current 
(Continuous) 


l c 


200 


mAdc 


Operating Junction Temperature Range 


T J 


-65 to +100 


°c 


Storage Temperature Range 


T 

stg 


-65 to +100 


°C 


Collector Dissipation in Free Air 
Derate above 25 °C 


P D 


200 
2.67 


mW 
mW/°C 


Thermal Resistance 
(Junction to Air) 


*JA 


0.375 


°C/mW 


Thermal Resistance 
(Junction to Case) 


*JC 


0.250 


°C/mW 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Base Cutoff Current 
(V CB = 105 V, I E - 0) 

<v CB -*.sv,^. = 0) 

(V CB = 105 V, I E - 0, T A = + 71°C) 


^BO 




25 
10 
500 


jiAdc 


Emitter -Base Cutoff Current 

< V EB " 75 V > ! C " 0) 
(V EB = 2.5V, I c = 0) 


X EBO 




50 
10 


nAdc 


Collector -Emitter Cutoff Current 
(V CE = 55 V, R BE = 10 K) 


X CER 




600 


pAdc 


Collector -Emitter Cutoff Current 
(V CE = 105 V, V BE = 0) 


X CES 




1.0 


mAdc 


DC Collector -Emitter Punch-Through Voltage 
(V fl = 1. 0 V, VTVM R. n 10-12 megohm) 


V 


105 




Vdc 


DC Current Gain 

(I r = 5 mA, V pTr = 0.35 V) 2N2042 
u U£j 2N2043 


h FE 


20 
40 


50 
100 




Common Base, Small-Signal Input Impedance 
(V CB = 6 V, I E = 1 mA, f = lkc) 


h ib 


30 


50 


Ohms 
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Germanium Milliwatt Transistors - 

2N2042 , 2N2043 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Common Base, Small-Signal Output Admittance 
(V CB = 6 V, I E = 1 mA, f = 1 kc) 


h , 
ob 


0.1 


1.0 


/xmho 


Common Emitter, Small-Signal Current Transfer Ratio 

(V^ = 6 V, L = 1 mA, f = 1 kc) 2N2042 
^ C 2N2043 


h, 
fe 


20 
45 


80 
180 




Base -Emitter Saturation Voltage 
(I c = 5 mA, I B = 0. 25 mA) 


V BE(sat) 




0.30 


Vdc 


Collector -Emitter Saturation Voltage 
(I c = 5 mA, I B = 0. 25 mA) 
(i — inn rr, a t -in™A\ 

\1q — 1UU mA, ig — 1U IDA; 


V CE(sat) 




0.25 
0. 75 


Vdc 


Collector Output Capacitance 
( V CB = 6 V, I E = 0) 


C ob 




25 


Pf 


Common-Base, Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 

(V nT3 = 6V, L = 1 mA) 2N2042 
CB E 2N2043 


f hfb 


0.50 
0. 75 




mc 



POWER-TEMPERATURE DERATING CURVE 



LARGE SIGNAL. CURRENT GAIN versus TEMPERATURE 





220 
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1/ MAX 
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Germanium Milliwatt Transistors 



2N 



2171 



FOR SPECIFICATIONS, SEE 2N381 DATA SHEET 



2n3427, 2n3428 



Vcbo = 45 V 

h FE = 1 50-400 (min-m ax) 

fa b = to 8.0 MC (typ) 



CASE 31 

(TO-5) 
All leads isolated 
from case 




PNP germanium transistors for audio amplifier and 
medium -speed switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

V CBO 


45 


Vdc 


Collector-Emitter Voltage 


V CER 


30 


Vdc 


Emitter- Base Voltage 


V 

V EBO 


30 


Vdc 


Collector Current (Continuous) 


l c 


500* 


mAdc. 


Base Current (Continuous) 




50* 


mAdc 


Storage and Operating Temperature 
Range 


T stg> T J 


-65 to +100 


°C 


Collector Dissipation in Free Air 
Derate Above 25 °C 


P D 


200 
2. 67 


mW 
mW/°C 



♦Limited by power dissipation 
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Germanium Milliwatt Transistors 

2N3427, 2N3428 (continued) 



ELECTRICAL CHARACTERISTICS <Tc= 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Base Cutoff Current 
(V CB = 1.5 Vdc, I E = 0) 


: CBO 


- 


3.0 


5 


fiAdc 


(V CB = 10 Vdc, I E = 0, T A = +71 °C) 








100 




(V CB = 30 Vdc, I E = 0) 




- 


- 


10 




(V CB = 45 Vdc, I E = 0) 








50 




Emitter- Base Cutoff Current 
(V EB = 30 Vdc, I c = 0) 


I 

EBO 




3.0 


10 




Collector- Emitter Leakage Current 
Vv^ E = oO Vdc, Rgg = 10K onmsj 


*CER 






600 


/Mdc 


Collector- Emitter Punch- Thru Voltage 
\V H = i.u vac, v 1VM impedance > l megonmj 


V pt 


30 






Vdc 


Output Capacitance 
\v q B = o Vdc, 1 E = U, i = 1 mc) 


C ob 




10 


20 


Pf 


Noise Figure 

(V nj? = 4. 5 Vdc, I„ = 0. 5 mAdc, R = 1 K ohms, f = 1 kc, 


NF 








db 


M = 1 cps) 




-. 


5 


10 




Small-Signal Current- Gain Cutoff Frequency 
(V nv . = 6 Vdc, I„ = 1 mAdc) 2N3427 
CB E 2N3428 


hfb 


4.0 
5.0 


6.0 
8.0 




mc 


Input Impedance 
(V CB = 6 Vdc, I E = 1 mAdc, f = 1 kc) 


h ib 


25 




35 


Ohms 


Output Admittance 
(V^g = 6 Vdc, I E = 1 mAdc, f = 1 kc) 


h ob 


0. 05 




0. 50 


fimho 


Small- Signal Current Gain 
(V r „ = 6 Vdc, I— = 1 mAdc, f = 1 kc) 2N3427 
^ ^ 2N3428 


h fe 


200 
350 


325 
475 


500 
800 




Small- Signal Current Gain 
(V r „ = 6 Vdc, I„ = 1 mAdc, f = 2 mc) 2N3427 
Chj * 2N3428 


l h fe| 


2.0 
2.5 




7 
8 


- 


DC Current Gain 
(I r = 20 mAdc, V r „ = 1 Vdc) 2N3427 
u ^ 2N3428 
(I r = 100 mAdc, V n „ = 1 Vdc) 2N3427 
U ^ 2N3428 
(I r = 200 mAdc, V^„ = 1 Vdc) 2N3427 
CE 2N3428 


h FE 


150 
250 
100 
150 
75 
125 


275 
375 
210 
260 


350 
400 




Base- Emitter Input Voltage 
(V QE = 1 Vdc, I c = 100 mAdc) 


V BE 








Vdc 


Collector- Emitter Saturation Voltage 
(I p = 100 mAdc, 1=2 mAdc) 2N3427 

U U 2N3428 
(I p = 200 mAdc, I = 4 mAdc) 2N3427 

U 13 2N3428 


V CE 
(sat) 




0. 155 
0. 150 
0.220 
0.200 


0.200 
0. 190 
0.300 
0.280 


Vdc 
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Germanium Milliwatt Transistors 

2N3427, 2N3428 (continued) 



POWER-TEMPERATURE DERATING CURVE 



COLLECTOR CURRENT versus BASE CURRENT 




O 10 20 30 40 50 60 70 80 90 100 
TEMPERATURE (°C) 



















v CE = 


V 
















p2N3428-, 











































































































1.4 0.6 0.8 1.0 1.2 1.4 

I g, BASE CURRENT (MILLIAMPERES) 



OUTPUT CURRENT versus BASE DRIVE VOLTAGE DC CURRENT GAIN versus COLLECTOR CURRENT 




V t|l EMITTER-BASE VOLTAGE (VOLTS) 'c. COLLECTOR CURRENT (MILLIAMPERES) 
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Germanium Milliwatt Transistors— 

MAlOO V CB = 60V 



h FE = 30 mm 
f« b = l.OMc(min) 




Low noise germanium transistor, designed for audio 
amplifier applications, feature stabilization bake for 
greater gain stability, and rugged quad- mount construc- 
tion. 



CASE 31 

(TO-5) 

All leads isolated from case 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CB 


60 


Vdc 


Collector- Emitter Voltage 


V CES 


60 


Vdc 


Emitter- Base Voltage 




15 


Vdc 


Collector Current (Continuous)* 


ic* 


500 


mAdc 


Collector Dissipation at T A = 25°C 
Derate above 25°C 


p c 


200 
2.67 


mW 
mW/°C 


Junction Temperature Range 


Tj 


-65 to +100 


°C 


Storage Temperature Range 


T stg 


-65 to + 100 


°c 



♦Limited by power dissipation. 



POWER-TEMPERATURE DERATING CURVE 
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Germanium Milliwatt Transistors 



MAI 00 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 
mill 


lildA 


Unit 


Collector-Base Cutoff Current 
(V CB = 60 Vdc, I E = 0) 

(V CB = 30 Vdc, I E = 0) 


r CBO 


— 


100 
10 


jul Adc 


Emitter- Base Cutoff Current 
(V EB = 15 Vdc, I c = 0) 


*EBO 


— 


10 


|j. Adc 


Collector- Emitter Leakage Current 
(V CE = 60 Vdc, R BE = 0) 


*CES 


— 


100 


jj. Adc 


Output Capacitance 
(V CB = 6 Vdc, I E = 0, f = 1 mc) 


CqQ 


— 


25 


pf 


Input Impedance 
( V CB = 6 Vdc ' ! E = 1 mAdc, f = 1 kc) 


^ib 


26 


40 


ohms 


Output Admittance 
(V CB = 6 Vdc, I E = 1 mAdc, f = 1 kc) 


OD 


0.1 * 


1.0 


/imhos 


DC Current Gain 
(V C£ =1 Vdc, I c = 10 mAdc) 


h EE 


30 






Small-Signal Current Gain 
(V CE = 6 Vdc, I E = 1 mAdc, f = 1 kc) 


h fe 


50 


190 


— 


Small-Signal Current Gain Cutoff Frequency 
(V CB = 6 Vdc, I £ = 1 mAdc) 


f ab 


1.0 




mc 


Noise Figure 
(V CE = 5 Vdc, I c = 100 jmAdc, 

R s = 1 K ohms, f = 100 cps) 


NF 




8 


db 



BASE INPUT CURRENT versus BASE DRIVE VOLTAGE 




0 0.2 0.4 0.6 0.8 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 
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Germanium Milliwatt Transistors 



Vcbo = 15 V 

h fe — to 100-250 (min-max) 



CASE 31 

(TO-5) 




PNP Germanium transistors for economical circuit 
applications. Available with a wide variety of gain 
ranges. 



All leads isolated from case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


v 

V CEO 


15 


V 


Collector -Base Voltage 


v 

V CBO 


15 


V 


Emitter -Base Voltage 


v 

V EBO 


15 


V 


Collector Current 


! C 


200 


mA 


Storage Temperature Limits 


stg 


-55 to +85 


°C 


Power Dissipation 

@T A =+25°C 
A 


P D 


175 


mW 



ELECTRICAL CHARACTERISTICS CTa = 25*C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Current 
(V C£ = 15 V, 

R B£ = 10 KQ) All Types 


J CER 




600 




Collector -Base Current 

(V CB = 15 V, 

I £ = 0) All Types 


I CBO 




15 


M 


Small Signal Current Gain 

< V CE = 6V > 

I r = 1 mA) MA112 
U MA113 
MA114 
MA115 
MA116 
MA117 


li- 
fe 


30 
50 
100 
30 
50 
30 


70 
125 
250 
125 
250 
250 
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ma!12 thru MA 117 



Germanium Milliwatt Transistors 



MA200 thru MA206 Vcb - to 105 V 

h FE = 20-40 min 
P c = 150 mW 

Germanium PNP transistor designed for high-voltage 
applications in the audio frequency range, such as neon 
driver, solenoid or relay driver applications. 

CASE 34 

(TO-5) ^ ^ All leads isolated from case 




MAXIMUM RATINGS (Ta = 25'C) 



Characteristic 


Symbol 


MA200 
MA202 


MA201 
MA203 


MA204 


MA205 


MA206 


Unit 


Collector- Base Voltage 


V CB 


105 


105 


90 


75 


60 


Vdc 


Collector- Emitter Voltage 


V C E 


105 


105 


90 


75 


60 


Vdc 


Emitter-Base Voltage 


V EB 


10 


20 


20 


20 


10 


Vdc 


Collector Current 




— 200 ► 


mAdc 




Emitter Current 


l E 


— i 200 ► 


mAdc 




Junction and Storage 
Temperature Range 


T J> T stg 


-a 65 to +100 ► 


°C 


Thermal Resistance 


6 JA max 




. °C/mW 


-a 0.5 ► 


Collector Dissipation at 
T A "= 25°C 
Derate above 25°C 


P C 




mW 
mW/°C 


^ 150 +~ 


^ 2 *~ 



ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 



Characteristic 


Symbol 


Mill 


Typ 


Ma 


Unit 


Collector-Base Cutoff Current 
(V CB = 105 V, I E = 0) 


MA 200 thru MA203 


*CBO 








HA 


(V CB = 90 V, I E = 0) 


MA204 






12.0 


50 




(V CB = 75 V, I E = 0) 


MA205 












(V CB = 60 V, I E = 0) 


MA206 












Collector-Base Cutoff Current 
(V CB = 2.5 V,I E = 0) 


^BO 




5.0 


14 


M A 


Emitter-Base Cutoff Current 
(v EB = 10 V, i c = 0) 


MA200, MA202, MA206 


^BO 




3.0 


50 


M A 


(V EB = 20 V, Ic = 0) 


MA201, MA203, MA204, MA205 






3.0 


50 




Collector- Emitter Saturation Voltage 
(Iq = 5 mAdc, I B = 0.25 mAdc) 


v CE(sat) 




0.11 


0.35 


Vdc 


Base-Emitter Saturation Voltage 
(Ic = 5 mAdc, I B = 0.25 mAdc) 


v BE(sat) 




0.22 


0.40 


Vdc 


DC Current Gain 
(I c = 5 mAdc, V CE = 0.35 Vdc) 


MA200, MA201, MA204, MA205, MA206 


h FE 


20 










MA202, MA203 




40 








DC Collector- Emitter Punch- Through Voltage 
(VQB necessary to obtain V EB of -1 V max, using 
instrument with Z m > 11 megohm to measure V BE ) 

MA200, MA201, MA202, MA203 


v pT 


105 






Vdc 




MA204 




00 










MA205 




75 










MA206 




60 








Small-Signal Short-Circuit Forward Current Transfer 
Ratio Cutoff Frequency 
(Vcb = 6 Vdc, I E = 1 mAdc) 


f ab 




1.0 




mc 
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Germanium Milliwatt Transistors 



MA200 thru MA206 (continued) 



DC CHARACTERISTICS 

(Tj = 25 °C unless otherwise noted) 



CURRENT GAIN "ON" VOLTAGES 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 1.0 2.0 5.0 10 20 50 100 200 

l c , COLLECTOR CURRENT (mA) | c , COLLECTOR CURRENT (mA) 



COLLECTOR SATURATION REGION COLLECTOR HIGH VOLTAGE REGION 




V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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-Germanium Milliwatt Transistors- 



ma286 thru ma288 ;~ = I 0 * . . 

h fe — to 180 (mm) 



CASE 31 

(TO-5) 




PNP germanium transistors for very economical cir- 
cuit applications. Available with wide variety of gain 
ranges. 



All leads isolated from case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


V 

V CEO 


10 


V 


Collector -Base Voltage 


v 

V CBO 


10 


V 


Emitter -Base Voltage 


v 

V EBO 


10 


V 


Collector Current 


J c 


200 


mA 


Storage Temperature Limits 


stg 


-55 to +85 


°C 


Power Dissipation 

@ T A = +25°C 
A 


P D 


175 


mW 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Current 

(v CE = iov 

R__ = 10 Kfi) All Types 
tit, 


X CER 




* 600 




Small Signal Current Gain 

( V CE = 6V > 

l n = 1 mA) MA286 
U MA287 
MA288 


h. 
fe 


14 
30 
180 


40 
250 
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Germanium Milliwatt Transistors 



MA&81 thru ma889 



Vcbo = 60 V 

h FE — to 125(min) 

fa b — to 1.75 MC(min) 



CASE 31 

(TO-5) 




PNP germanium transistors for audio amplifier and 
medium -speed switching applications. Recommended 
as driver transistors for 50-60 Volt power transistors. 



All leads isolated from case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 

MA881 thru MA884 
MA885 thru MA889 


v 

V CBO 


60 
50 


Vdc 


Collector -Emitter Voltage 

MA881 thru MA884 
MA885 thru MA889 


V CES 


60 
50 


Vdc 


Emitter -Base Voltage 


v 

V EBO 


15 


Vdc 


Collector Current (Continuous)* 


r c* 


500 


mAdc 


Collector Dissipation at T A = 25°C 


P D 


200 


mW 


Derate above 25 °C 




2.67 


mW/°C 


Storage and Operating Temperature 
Range 


T stg> T J 


-50 to +100 


°C 



♦Limited by power dissipation 
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Germanium Milliwatt Transistors 

MA881 thru MA889 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Cutoff Current 

(v „ = 30 Vdc, I„ - 0) MA881 thru MA884 
(V CB - 60 Vdc, I £ - 0) MA881 thru MA884 
(V CB = 25 Vdc, I £ = 0) MA885 thru MA889 
(V ot> = 50 Vdc, I„ » 0) MA885 thru MA889 


^BO 


— 
... 


10 
100 

15 
100 


nAdc 


Emitter -Base Cutoff Current 

(y„ u - 15 Vdc, I r = 0) MA881 thru MA884 
ttJ u MA885 thru MA889 


*EBO 


... 


10 
15 


/iAdc 


Collector-Emitter Leakage Current 

(V CE - 60 Vdc, R BE = 0) MA881 thru MA884 
(V CE - 50 Vdc, R BE = 0) MA885 thru MA889 


*CES 


... 


100 
100 


jiAdc 


Output Capacitance 

(V CB - 6 Vdc, I E - 0, f = 1 mc) All types 


C ob 




25 


Pf 


Input Impedance 

(V CB - 6 Vdc, I £ = 1 mAdc, f = 1 kc) All types 


h ib 


26 


40 


ohms 


Output Admittance 

(V CB = 6 Vdc, I £ = 1 mAdc, f - 1 kc) All types 


h ob 


0.1 


1.0 


{imhos 


DC Current Gain 

(V n „ = 1 Vdc, I„ - 10 mAdc) MA881 
CE C MA882 

MA883 
MA884 


h FE 


30 
40 
75 
125 






Small-Signal Current Gain 

(V r „ - 6 Vdc, I„ - 1 mAdc, f = 1 kc) MA881, MA886 
* MA882, MA887 
MA883, MA888 
MA884, MA889 
MA885 


h fe 


30 
50 
100 
190 
15 


70 
120 
225 
400 

40 




Small-Signal Current Gain Cutoff Frequency 

(V rR - 6 Vdc, I„ - 1 mAdc) MA881, MA886 
^ U ** MA882, MA887 

MA883, MA888 
MA884, MA889 
MA885 


f ab 


0.75 
1.0 
1.25 
1. 75 
0.5 




mc 
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-Germanium Milliwatt Transistors- 



ma909,ma910 x« a ;»y 

h FE = 20 (min) 




PNP Germanium transistors for high -voltage neon 
driver, solenoid and relay driver circuits. 



All leads isolated from case 
MAXIMUM RATINGS 



Characteristic 


Symbol 


MA909 


MA910 


Unit 


Collector -Base Voltage 


V CB 


75 


90 


Volts 


Collector -Emitter Voltage 


v 

V CE 


75 


90 


Volts 


Emitter -Base Voltage 


v 

EB 


35 


45 


Volts 


Collector Current 


l c 


200 


mA 


Collector Dissipation at T c = 25° C 


p c 


150 


mW 


Junction and Storage Temperature 


T 

J (max) 


100 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Base Cutoff Current 
(V CB = 2. 5 Vdc, I E = 0) 


Both Types 


r CBO 




14 


Adc 


(V CB = 75Vdc, I E = 0) 


MA909 






50 




(V CB = 90 Vdc, I E = 0) 


MA910 






50 




Emitter-Base Cutoff Current 
(V EB = 35 Vdc, I c = 0) 


MA909 


J EBO 




50 


Adc 


(V EB = 45 Vdc, I c = 0) 


MA910 






50 




Collector -Emitter Leakage Current 
(V CE = 75Vdc, R BE = 0) 


MA909 


X CES 




100 


Adc 


(V CE =90Vdc, R BE = 0) 


MA910 






100 




Collector -Emitter Saturation Voltage 
(I c = 5 jnAdc, Ig = 0. 25 mAdc) 


V CE(sat) 




0.35 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 5 mAdc, I B = 0. 25 mAdc) 


V BE(sat) 




0. 40 


Vdc 


DC Current Gain 

(I c = 5 mAdc, V CE = 0. 35 Vdc) 


h FE 


20 






Collector -Emitter Punch -Thru Voltage 

(V {1 = 1. 0 Vdc, R. n of VTVM - 10 to 12 Megohms) 


MA909 


V 


75 




Vdc 


MA910 




90 
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-Germanium Milliwatt Transisfors- 



maI 702 thr« maI 708 l CB °7V«l n{ • » 

h FE — to 150-400 (min-max) 
fa b — to 7.0 MC (min) 



CASE 31 

(TO-5) 




PNP germanium transistors for audio amplifier and 
medium speed switching applications requiring high ac 
gain at low collector current or high dc gain at high 
collector current. 



All leads isolated from case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 

MAI 702 

MAI 703 thru MA1705 
MA1706 thru MA1708 


v 

CBO 


45 
25 
15 


Vdc 


Collector -Emitter Voltage 

MA1702 

MA1703 thru MA1705 
MAI 706 thru MA1708 


v 

CER 


30 
25 
15 


Vdc 


Emitter-Base Voltage 

MA1702 

MA1703 thru MA1705 
MAI 706 thru MA1708 


V 

EBO 


30 
25 
4.5 


Vdc 


Collector Current (Continuous) 


'c 


500* 


mAdc 


Base Current (Continuous) 




50* 


mAdc 


Maximum Junction Temperature 


T 

J(max) 


100 


°C 


Storage Temperature Range 


T . 
stg 


-65 to +100 


°C 


Collector Dissipation in Free Air 
Derate Above 25° C 




200 
2.67 


mW 
mW/°C 



♦Limited by power dissipation 
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Germanium Milliwatt Transistors 

MAI 702 thru MAI 708 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector -Base Cutoff Current 
(V CB =1.5Vdc, I E = 0) 
V rn = 10 Vdc, l w = 0, T* = +71° C) 

< (,H J Jc, i A ' 

(V CB =15Vdc, I E = 0) 
(V CB =25 Vdc, I E = 0) 
(V CB = 30 Vdc, I E = 0) 
(y = 45 Vdc, Itt = 0) 


MA1702 thru MA1705 
MA 1702 

MA 1706 thru MAI 708 
MA 1703 thru MAI 705 
MA 1702 
MA 1702 


^BO 


- 
- 


3.0 
- 


5 

100 
15 
15 
10 
50 


//Adc 


Emitter-Base Cutoff Current 
(V F r = 4. 5 Vdc, I r = 0) 
(Veb = 25 Vdc, I c = 0) 
(Veb = 30 Vdc, I c = 0) 


MA 1706 thru M^1708 
MA 1703 thru MA 170 5 
MA 1702 


*EBO 


; 


3.0 


15 
15 
10 


//Adc 


Collector-Emitter Leakage Current 
(V CE =15 Vdc, R BE = 10 K ohms) 
(V5 E = 25 Vdc, R BE = 10 K ohms) 
(V CE = 30 Vdc, R BE = 10 K ohms) 


MA 1706 thru MA 1708 
MA1703 thru MA1705 
MA1702 


*CER 


: 


- 


600 
600 
600 


/jAdc 


Collector -Emitter Punch -Thru Voltage 
(V fl = 1.0 Vdc, 

VTVM impedance 2? 1 megohm) 


MA1702 


V 


30 






Vdc 


Output Capacitance 

(V CB = 6 Vdc, I E - 0, f = 1 mc) 


All Types 






10 


20 


Pf 


Noise Figure 

(V CE = 4.5 Vdc, I E = 0. 5 mA, 
R g = 1 K, f = 1 kc, At = 1 cps) 


MA1702 


NF 


- 


5 


10 


db 


Small -Signal Current Gain Cutoff Frequency 

(Vqb = 6 Vdc, L = 1 mAdc) MAI 702 

MA 1703 
MA1704 
MA1705 
MA1706 
MA1707 
MA1708 


£ hfb 


7.0 
3.0 
5.0 
6.0 
3.0 
4.0 
5.0 


- 
- 


- 
- 


mc 


Input Impedance 

(V CB = 6 Vdc, I E = 1 mAdc, f = 1 kc) 


MA 1702 thru MAI 705 
MA 1706 thru MAI 708 


h ib 


25 
25 




35 
37 


Ohms 


Output Admittance 

(V CB = 6 Vdc, I £ = 1 mAdc, f = 1 kc) 


MA 1702 


h ob 


0.05 


- 


0.50 


fimho 


Small Signal Current Gain 

(V CE = 6 Vdc, I E = 1 mAdc, f = 1 kc) 


MA1702, MA1705, MA1708 
MA1703, MA1706 
MA1704, MA1707 


h fe 


500 
200 
350 


- 


500 
800 




DC Current Gain 

(I c = 20 mAdc, V CE = 1 Vdc) 
(I c = 100 mAdc, V CE = 1 Vdc) 

(I c = 200 mAdc, V CE = 1 Vdc) 


MA 1702 

MA1702, MA1705, MA1708 

MA 1703, MA1706 

MA1704, MA1707 

MA 1702 

MA 1703 

MA1704 

MA1705 


h FE 


350 
200 
100 
150 
135 
70 
110 
125 




350 
400 




Collector-Emitter Saturation Voltage 
(I c = 200 mAdc, ^ = 4.0 mAdc) 


MA1702 


v 

(sStS 






0.260 


Vdc 
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— Germanium Milliwatt Transistors — 
ADDITIONS AND MODIFICATIONS 
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— Germanium Milliwatt Transistors — 
ADDITIONS AND MODIFICATIONS 
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SWITCHING AND 
GENERAL PURPOSE i 
TRANSISTORS 
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Switching and General Purpose Transistors 



SWITCHING AND GENERAL PURPOSE TRANSISTORS 

This section contains both silicon and germanium transistors intended 
primarily for high-speed switching and for high-frequency amplifier applica- 
tions below the VHF/UHF bands. (See next section for RF transistors intended 
for VHF/UHF operation. ) 

Many of these devices may be used for either switching or amplifier 
purposes, while others are intended principally for high-speed switching ap- 
plications. To aid in the selection of transistors for special applications, a 
number of selection guides are provided. The devices listed in these guides 
are preferred devices which merit first consideration for new designs and for 
redesign of older equipment. 



The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military -type data sheets are available. 



UoJN ZJN7U0 


MlLi-o-iyoUU/obA 


8-13 


JAN ^N7Uo 


■»ffTT o 1 c\ c c\ c\ / 1 o rvc> 
MIJ-i-o-iyoUU/lzUB 


8-15 


TAN 9NQ9Q 




o-4b 


JAN 2N930 


MIL-S-19500/253A 


8-46 


USN 2N962 


MIL-S- 19500/2 58A 


8-48 


USN 2N964 


MIL-S-19500/258A 


8-48 


USN 2N1131 


MIL-S-19500/177B 


8-64 


USN 2N1132 


MIL-S-19500/177B 


8-24 


JAN2N2218 


MIL-S-19500/251D 


8-74 


JAN2N2218A 


MIL-S-19500/251D 


8-80 


JAN 2N2219 


MIL-S-19500/251D 


8-74 


JAN 2N2219A 


MIL-S-19500/251D 


8-80 


JAN 2N2221 


MIL-S-19500/255D 


8-74 


JAN2N2221A 


MIL-S-19500/255D 


8-80 


JAN 2N2222 


MIL-S-19500/255D 


8-74 


JAN 2N2222A 


MIL-S-19500/255D 


8-80 


USN 2N2481 


MIL-S-19500/268A 


8-100 


JAN 2N2904 


MIL-S-19500/290A 


8-115 


JAN 2N2904A 


MIL-S-19500/290A 


8-115 


JAN 2N2905 


MIL-S-19500/290A 


8-115 


JAN 2N2905A 


MIL-S-19500/290A 


8-115 


JAN 2N2906 


MIL-S-19500/291A 


8-115 


JAN 2N2906A 


MIL-S-19500/291A 


8-115 


JAN 2N2907 


MIL-S-19500/291A 


8-115 


JAN 2N2907A 


MIL-S-19500/291A 


8-115 


JAN 2N3250A 


MIL-S-19500/323 


8-141 


JAN 2N3251A 


MIL-S-19500/323 


8-141 



For case outline dimensions, see page 1-186. 
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QUICK SELECTION GUIDES - HIGH-FREQUENCY 
SILICON ANNULAR TRANSISTORS 

The following three tables provide type numbers of preferred silicon 
(metal -cased) transistors that should receive first consideration for the de- 
sign of new equipment. The tables are arranged to permit preselection in 
terms of electrical characteristics. 

Table 8-1 list the preferred device type number in terms of operating 
current range and breakdown voltage as well as conductivity (i.e., NPN or 
PNP). In addition, the type number printed in bold face should receive first 
consideration for high-speed switching applications. Other type numbers 
should be considered for general purpose switching and amplifier needs. 

Table 8-1, moreover, can be used in conjunction with Tables 8-2 and 
8-3 to pin-point still further devices needed for high-speed switching. Note 
that Table 8-1 is divided into two parts - one for low-current, high-speed 
switching, the other for high-current core driver and pulse amplifiers appli- 
cations. For these two applications categories, initial selections according 
to current and voltage is made from the bold-face type numbers in Table 8-1, 
and subsequent quick comparisons of other characteristics for these type 
numbers can be obtained from Table 8-2 or 8-3. The latter two tables are 
accompanied by graphs showing typical variation of dynamic switching charac- 
teristics over a wide current range for each of the devices listed in the tables. 



TABLE 8-1 — CURRENT versus VOLTAGE SILICON TRANSISTOR 
SELECTION GUIDE 





BOLD FACE TYPES RECOMMENDED FOR LOW- 
CURRENT SATURATED SWITCHING, EXCEPT* 
FOR CURRENT-MODE SWITCHING. (SEE TABLE 
8-2) 


BOLD FACE TYPES RECOMMENDED FOR HIGH-CURRENT CORE DRIVER 
AND PULSE AMPLIFIER APPLICATIONS. (SEE TABLE 8-3). 


OPTIMUM COLLECTOR CURRENT RANGE 


lOjuA-lOmA 


1mA -50 mA 


10 mA -400 mA 


150 mA -800 mA 


800mA-3A 


NPN 


PNP 


NPN 


PNP 


NPN 


PNP 


NPN 


PNP 


NPN 


PNP 


519 
Volts 


2N706, A, B 

2N708 

2N914 

2N3493 

MM709 


2N4260-1* 


2N744 

2N753 

2N834-5 

2N2256-7* 

2N2368-9 

2N2481 

2N3959-60* 


2N3248-9 

2N3546 

MM2894 

2N869 
2N995 


2N3510-1 
2N3647-8 












20-39 
Volts 


2N916 




2N2501 
2N3227 
2N3508-9 

2N2330-1 




2N2537-40 

2N697 

2N718 

2N956 

2N1420 

2N2218-2 

2N2958-9 

2N3115-6 


2N722 

2N1131-2 

2N1991 

2N2303 

2N2800-1 

2N2837-8 

2N3133-6 


2N3252 




2N3734 
2N3736 




40-79 
Volts 


2N707A 

2N915 
2N930 
MM2483 
MM2484 


2N3798-9 


2N3946-7 


2N3250-1 
2N3250A-1A 


2N2218A-22A 
2N3053 


2N1132A.B 

2N2904-7 

2N2904A-7A 

2N3485-6 

2N3485A-6A 


2N3253 
2N3444 

2N2192-5,A,B 


2N3467-8 

2N3244-5 


2N3506-7 

2N3735 

2N3737 

2N3719-20 


2N3762-5 


80-149 
Volts 






2N1893 
2N2405 


2N3494-7 
2N3634-5 


2N3498-9 




2N3019-20 








150-300 
Volts 






2N3742 


2N3636-7 
2N3743 


2N3 500-1 
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TABLE 8-2 — SILICON HIGH-SPEED SWITCHING TRANSISTORS 
(For low-current, saturated switching, except* for current-mode switching) 

Devices listed in this table should receive first consideration for low-current, 
high-speed switching applications. To determine, quickly, the devices best 
suited for a specific circuit design, first consult Table 8-1 for preselection 
in terms of voltage, current and conductivity. Then use this table to compare 
dynamic characteristics of the preselected devices. 

The graphs on the facing page show typical variations of VcE(sat)> hFE> 
switching time and storage time as a function of collector current for each 
device in this table. The appropriate curves are referenced in the "curve" 
column of the table. Device geometries can be identified from the "Geometry" 
column. 



Type Number 


Curve Code 


Geometry Code 


h „ 
FE 

min/ max 
@ I c = 10 mA, 

V CE = 1 V 
(unless other- 
wise indicated) 


CE(sat) 
Volts 
@ I c = 10 mA, 
I B = 1 mA 
(unless otherwise 
indicated) 


Switching Time 


^n 
(ns) 


(ns) 


t andt „ 
on off 

Test Conditions 


2N706, A, B 


A 


1 


20/- 


0.6 


40 


75 


I c = 10 mA, I B1 = 3 mA, 
V CC = 3V ' I B2 slmA 


2N707, A 


B 


1 


9/50 


0.18 


~ 


- 




2N708 


A 


1 


30/120 


0.4 








2N744 


A 


1 


40/120 


0.35(+170°C) 


16 


24 


I c = 10 mA, I B1 = 3 mA, 


2N753 


A 


1 


40/120 


0.6 






v cc = 3V > 


I B2 = 1 mA 


2N834 


A 


1 


25/- 


0.25 






2N835 


A 


1 


20/- 


0.3 


20 


35 


2N914 


A 


1 


30/120 


0.25 


40 


40 


2N2368 


c 


2 


20/60 


0.25 






I c = 10mA, V BE(off) = 1.5V 

V CC = 3Y ' "bi- 31 ^ I B2 = 1 ' 5mA 


2N2369 


c 


2 


40/120 


0.25 






2N2481 


A 


1 


40/120 


0.25 


40 


55 


I c = 10mA, V CC = 3V 


2N2501 


A 


1 


50/150 


0.2 


- 


- 


I c = 10 mA, I B1 = 1mA, V cc = 3 V, 
I B2 = 0.5 mA, V BE(ofn = 2V 


2N3227 


c 


2 


100/300 


0.25 


12 


18 


I c = 10mA, V BE(off) = 1.5V 

V CC = 3V ' l B l=* mA > I B2 = 1 - 5mA 


2N3248 


E 


1 


50/150 


0.125 


20 


80 


I c = 100 mA, V cc = 3 V, 
V BE(offr°- 5V ' 3 Bl = 1 B2 Bl0 mA 


2N3249 


E 


1 


100/300 


0.125 


20 


80 


2N3493 


F 


4 


40/12 
I c = 0. 5 mA) 


0.13 (T c =0.1 mA 
Ig = 0.01 mA) 








2N3508 


c 


2 


40/120 


0.25 


12 


18 


I c = 10mA, V cc -3V,V BE(off) = 1.5V, 
I B1 = 3 mA, I B2 = 1.5 mA 


2N3509 


c 


2 


100/300 


0.25 


12 


18 


2N3546 


D 


2 


30/120 


0.15 


25 


35 


I c = 50mA, V CC » 3 V, Ig^^SmA 


2N3959* 


G 


3 


40/400' 


0.2 


5.4 


4.9 


I c = 10 mA, V Qut = lV, 
V BB = 1V 


2N3960* 


G 


3 


40/200 


0.2 


5.4 


4.9 


2N4260* 


H 


5 


30/150 


0. 35 


1.5 


2.0 


V. = V . = 2V, V._ = 1 V, 
m out ' BB ' 

I c = 10 mA 


2N4261* 


H 


5 


30/15 


0. 35 


1.5 


2.0 


MM709 


H 


1 


15/120 
@V CE = 0.5V 


).35frnax)@I c = 3mA 
I B = 0. 15 mA 


12 


10 


I c = 10 mA, I B1 <= 2. 0 mA, 
I B2 = 5.0 mA 


MM2894 


D 


2 


30/- 


0.15 


.60 


60 


I c = 30mA, I B1 =I B2 = 1.5mA,V cc = 2V 
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TABLE 8-3 — HIGH CURRENT SILICON TRANSISTORS FOR CORE DRIVERS 

AND PULSE AMPLIFIERS 

Devices listed in this table should receive first consideration as core drivers 
or pulse amplifiers. To determine, quickly, the devices best suited for a 
specific circuit design, first consult Table 8-1 for preselection in terms of 
voltage, current and conductivity. Then use this table to compare dynamic 
characteristics of preselected devices. 

The graphs on the facing page show typical variations of VcE(sat)» n FE> 
switching time and storage time as a function of collector current for each 
device in this table. The appropriate curves are referenced in the "curve" 
column of the table. Device geometries can be identified from the "Geometry" 
column. 



Type Number 


Curve Code 


Geometry Code 


h FE 
min/max 


V CE(sat) 
Volts 


Switching Time 


(§ I c - 150 mA, 

\r „ io V 

CE 

(unless otherwise 
indicated) 


@ I c ■ 150 mA 

(unless otherwise 
indicated) 


l on 
(ns) 


'off 
(ns) 


t and t „ 
on off 

Test Conditions 


2N2537 


J 




50/150 


0.45 @ Ig = 15 mA 


40 


40 


I c = 150 mA, 

V CC = 7V ' 
R L = 40 R 

1 


2N2538 


J 


1 


100/300 


0.45 @ I fi = 15 mA 


40 


40 


2N2539 


J 


1 


50/150 


0.45 @ I B = 15 mA 


40 


40 


2N2540 


J 


1 


100/300 


0.45 @ I B = 15 mA 


40 


40 


2N3252 


K 


2 


30/90 @ I c = 500 mA 
V CC = 2V 


0.5 @ I c = 500 mA 
I B = 50 mA 


45 


70 


I c = 500 mA, 

v cc = 30v 


2N3253 






25/75 @ I c = 500 mA 
V CC = 2V 


0.6 @ I c = 500 mA 
I B = 50 mA 


50 


70 






2N3444 


K 


2 


20/60 @ I c = 500 mA 

V - 2 V 
V CC ~* V 


0.5 .@ I c = 500 mA 


50 


70 


2N3467 


L 


2 


40/200 @ Iq = 1.5 A 
V CE = 2 V 


0.5 @ = 500 mA 
I fi = 50 mA 






2N3468 


L 


2 


30/150 @ I c = 1.5 A 
V CE- 2V 


0.6 <§ I c = 500 mA 
I B = 50 mA 


40 


90 




M 


3 


40/200 @ I c = 1.5 A 
V CE =2V 


1.0 @ I c = 1.5 A 
I B = 150 mA 


45 


90 


I c = 1.5 A 
V rr = 30 V 

1 


2N3507 


M 


3 


30/150 @ I c = 1.5 A 
V CE = 2V 


0.6 @ I c = 1.5 A 
I B = 150 mA 


45 


90 


2N3510 


N 


4 


25/150 @ I c = 150 mA 
V CE = 1V 


0.4 @ I B = 15 mA 


20 


25 


I c = 150 mA 


2N3511 


N 


4 


30/120 @ I c = 150 mA 
V CE =1V 


0.4@I B = 15 mA 


16 


18 


V CC" 




2N3647 


N 


4 


25/150 @ l c = 150 mA 
V CE = 1V 


0.4 @ I B = 15 mA 


20 


25 


2N3648 


N 


4 


30/120 @ I c = 150 mA 
V CE = 1V 


0.4 @ I B = 15 mA 


16 


18 


2N3734 


P 


5 


35/- 


0.2 


48 


60 


I c = 1 A, 

^1 = ^2 = 100 mA ' 
V CC= 12 V ' 


2N3735 


P 


5 


35/- 


0.2 


48 


60 


2N3736 


P 


5 


35/- 


0.2 


48 


60 


2N3737 


P 


5 


35/- 


0.2 


48 


60 


v BE(c 


)ff) = u v 


2N3762 


R 


5 


35/- 


0.1 


43 


115 


2N3763 


R 


5 


35/- 


0. 1 


43 


115 


2N3764 


R 


5 


35/- 


0.1 


43 


115 


2N3765 


R 


5 


35/- 


0.1 


43 


115 
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QUICK SELECTION GUIDE - HIGH-SPEED GERMANIUM 
SWITCHING TRANSISTORS 



The following tables list germanium transistors recommended for high- 
speed switching applications. All are PNP devices. 

Preselection of devices for this applications category can be made by first 
selecting those devices that fill the voltage and current requirements (from 
Table 8-4), then comparing the dynamic characteristics of the devices select- 
ed by consulting Table 8-5 for a further narrowing of the field. 

Final device selection can then be made by consulting the complete data sheets. 



TABLE 8-4 — CURRENT versus VOLTAGE SELECTOR GUIDE 
(PNP Germanium High-Speed Switching Transistors) 



BVceo 








MINIMUM 


OPTIMUM COLLECTOR CURRENT RANGE 


VOLTS 


















1 toA — 50 mA 


10 mA - 100 mA 


100 mA - 500 mA 




2N705 


2N711A 






2N710 


2N711B 






2N711 


2N960 






2N968 


2N961 






2N 969 


2N962 




5 - 9 


2N970 


2N963 






2N971 


2N964 






2N972 


2N964A 






2N973 


2N965 






2N974 


2N966 






2N975 


2N967 








2N985 






MM2550 


2N2635 


2N1204 






MM2552 


2N1204A 






MM2554 


2N1494 


10 - 15 






2N1494A 








2N2096 








2N2099 








2N2381 








2N3883 


16 - 20 




2N2956 


2N2097 






2N2957 


2N2100 








2N2382 








2N1495 


more than 




2N2955 


2N1496 


21 
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GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 



TABLE 8-5— PNP GERMANIUM HIGH-SPEED SWITCHING TRANSISTORS 
(Dynamic Characteristics) 



Type 
Number 


Curve Code 


(MHz) 


h FE @ l C 
(min/max) (mA) 


V CE(sat) @ / 
(max) ^Vb 

(Volts) (mA) 


Switching Times (max) 


'on 


'oil 
( ns) 


t" and t ,, 
on off 

Test Conditions 


2N705 


A 


325 


25/— 


1( 


) 


0.3 


10/ 


1 


75 


200 


I c = 10 mA, 


2N710 


A 


325 


25/— 


0.5 


75 


200 


*Bl= lmA > h 


i2 = 0. 25 mA 


2N711 


A 


300 


20/— 


0.5 


100 


350 


2N711 A 


B 


150 


25/150 


0.55 


100 


300 


2N711B 


B 


150 


30/150 


0.45 


100 


300 




B 


300 


20/— 


0.4 


50/5 

1 


50 


85 


' 2N961 


B 


300 


20/— 


0.4 


50 


85 


9WQR9 


B 


300 


20/— 


0.4 


50 


100 




B 


300 


20/— 


0.2 


10/1 


60 


120 


I B1 =1.0 mA, I B2 = 1.25 mA 


2N964 


B 


300 


40/— 


0.35 


50/ 


'5 


50 


85 


I B1 =1.0 mA, I B2 = 0. 25 mA 




B 


300 


40/— 


0.28 


50 


85 








B 


300 


40/— 


0. 35 


50 


85 




B 


300 


40/— 


0. 35 


50 


100 


QXTQR7 


B 


300 


40/— 


0.2 


10/ 


'I 


60 


120 


I B1 = 1 mA, Ig 2 = 1.25 mA 


OVTQCQ 


A 


250 


17/- 


0.25 


75 


150 


I c = 10 mA, 


<sJNyt>y 


A 


250 


17/- 


0.25 


75 


150 


I B1 = 1 mA, Ij 


32 = 0.25 mA 


2N970 


A 


250 


17/- 


0.25 


100 


275 


2N971 


A 


250 


17/- 


0.25 


100 


275 




A 


250 


40/— 


0.25 


75 


175 


2N973 


A 


250 


40/— 


0.25 


75 


175 


2N974 


A 


250 


40/— 


0.25 


100 


275 


2N975 


A 


250 


40/— 


0.25 


100 


275 


2N985 


B 


300 


40/— 


0.15 


35 


80 


I B1 = 5 mA, I B2 = 1. 25 mA 


2N1204 


C 


110 


15/- 


400 


0.5 


200/10 








2N1204A 


C 


110 


25/— 


200 


0.5 










2N1494 


C 


110 


15/- 


400 


0.4 






' 2N1494A 


C 


110 


25/— 


200 


0.4 






2N1495 


C 


150 


25/— 


200 


0.3 


200/20 

\ 






2N1496 


C 


150 


25/— 


400 


0.3 
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GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 



Type 
Number 


Curve Code 


f T 
(MHz) 


h FE @ : C 
(min/max) (mAj 


V CE(sat) ai /, 
(max) m V'b 

(Volts) (mA) 


Switching Times 


on 
(ns) 


t 

off 
(ns) 


t and t 
on off 

Test Conditions 


2N2096 


C 




15/- 


4( 


)0 


0.6 


200 


/10 




130 


I c = 200 mA, 


2N2097 


C 




20/— 


0.5 




90 


I B1 = 20 mA, 


l3 2 = 20mA 


2N2099 


c 




15/- 


0.6 




130 


2N2100 


c 




20/— 


0.5 




90 


2N2381 


c 


300 


40/— 


200 

\ 


0.4 


200/20 

1 


22 


45 


2N2382 


c 


300 


40/— 


0.4 


22 


45 


2N2635 


D 


300 


45/300 




50 


0.4 


50/2. 5 


50 


250 


I m =1 mA, I B2 =0.25 mA 




D 


200 


20/60 


0.3 


50/5 

1 


55 


80 


I c = 50 mA, 

I B1 = 5 mA, I B2 = 5 mA 

\ 


2N2956 


D 


250 


40/120 


0.25 


45 


.90 


2N2957 


D 


300 


100/— 


0.2 


40 


95 


OXTQOQO 

ZINoooo 


C 


300 


30/— 


200 


0.35 


200/40 


36 


68 


I c = 200 mA, 

I B1 = 40 mA, Ig 2 = 40 mA 


MM2550* 




1000 


20/— 


10 


0.2 


10/1 


2.5 


2.5 


I c = 10mA, V CE = 5V 


MM2552* 




1000 


30/— 


25 


0.2 


25/2.5 


2.5 


2.5 


I c = 25mA, V CE = 5V 


MM2554* 




1000 


20/— 


40 


0.25 


40/4 


2.5 


2.5 


I c =40mA, V CE = 5V 



♦Current Mode Switches 

hFE versus Ic 



Vceisat) versus Ic 



$ 0.2 




0.2 0.5 1 2 5 10 20 50 100 200 500 1000 
COLLECTOR CURRENT (mAdc) 




4 6 810 20 40 60 100 200 400600 
I r (mA) 



toff versus Ic 




100 200 300 
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2n697($iucon) 

2N718 
2N1420 



CASE 22 

(TO-18) 





V CER = 30-40 V 
f T = 300Mc 



NPN silicon annular Star transistors for medium- 
current switching and amplifier applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Svmbol 

w J 1 1 lUvl 


Rating 


Unit 


Collector-Base Voltage 


^CBO 


60 


Vdc 


Collector-Emitter Voltage 

2N697, 2N718 
2N1420 


V CER 


40 
30 


Vdc 


Emitter- Base Voltage 


v EBO 


5 


Vdc 






2N697 
2N1420 
TO-5 


2N718 
TO-18 




Total Device Dissipation at 

25°C Case Temperature 
Derating Factor Above 25°C 


P D 


3 
20 


1.5 
10 


Watts 
mW/°C 


Total Device Dissipation at 

25°C Ambient Temperatures 
Derating Factor Above 25°C 


P D 


0.6 
4.0 


0.4 
2.66 


Watts 
mW/°C 


Junction Temperature 


Tj 


+ 175 


°c 


Storage Temperature range 


T stg 


-65 to + 200 


°c 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
(V C B '= 30 Vdc, I E = 0) 
(VCB = 30 Vdc, I E = 0, T A = 150°C) 


^BO 




.001 


1.0 
100 


/iAdc 


Collector-Base Breakdown Voltage 
(IC = 100 MAdc, l£ = 0) 


BV CBO 


60 






Vdc 


Collector- Emitter Breakdown Voltage 
(IC = 100 mAdc, pulsed; Rb = 10 Ohms) 
'2B697,2N718 
2N1420 


BV CER 


40 
30 






Vdc 


Collector-Emitter Saturation Voltage* 
(IC = 150 mAdc, I B = 15 mAdc) 


V CE(sat) 




0.3 


1.5 


Vdc 


Base- Emitter Saturation Voltage* 
(I C = 150 mAdc, I B = 15 mAdc) 


V BE(sat) 






1.3 


Vdc 
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Switching and General Purpose Transistors 

2N697, 2N718, 2N1420 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DC Forward Current Transfer Ratio* 


h FE 








- 


(Ic = 1 mAdc, V CE = 10 Vdc) 

2N697, 2N718 


- 


20 


- 




2N1420 






35 






(I c = 150 mAdc, V CE = 10 Vdc) 

2N697, 2N718 




40 




120 




2N1420 




100 




300 




(I c = 500 mAdc, V CE = 10 Vdc) 

2N697, 2N718 






20 






2N1420 






35 






Small Signal Forward Current Transfer Ratio 


h fe 










(I c = 50 mAdc, V CE = 10 Vdc, f = 20 mc ) 


2.5 


15 






Output Capacitance 
(Vcb= 10 Vdc, I E = 0) 


C ob 




5 


35 


pf 



*Pulse Test: PW § 300 ixsec, Duty Cycle s 2% 



2n705 (GERMANIUM) 
2N705 USN/JAN 



PNP germanium mesa transistor for high-speed 
switching applications. 



^ Collector connected to case 

MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


15 


Vdc 


Collector -Emitter Voltage 


V CES 


15 


Vdc 


Emitter-Base Voltage 


V EBO 


3.5 


Vdc 


Collector Current 


l c 


50 


mAdc 


Emitter Current 


l E 


50 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


stg 


-65°C to +100°C 


°C 


Collector Dissipation @ 25° C Case Temp. 
(Derate 4 mW/°C above 25° C) 


p c 


300 


mW 


Collector Dissipation in Free Air 


p c 


150 


mW 



V CES = 15V 
l c = 50 m A 
f T =400 Mc Typ 



CASE 22 

(TO-18) 
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Switching and General Purpose Transistors 



2N705 (continued) 

ELECTRICAL CHARACTERISTICS (At 25 *C unless otherwise noted) 



Characteristic 


Symbol 


AAin 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, l £ = 0) 


BV CBO 


15 


— 


— 


Vdc 


Collector- Emitter Breakdown Voltage 
(I CE = 100 /iAdc, V BE = 0) 


BV CES 


15 


— 


— 


Vdc 


Emitter -Base Breakdown Voltage 
(I E = 100 /iAdc, I c = 0) 


BV EBO 


3.5 


— 


— 


Vdc 


Collector Cutoff Current 
(V CB = 5Vdc, I £ = 0) 


I CBO 


- 


0.2 


3 


/iAdc 


DC Forward Current Transfer Ratio 
(V CE = . 3 Vdc, I c = 10 mAdc) 


h FE 


25 


40 






Collector Saturation Voltage 
(I_, = . 4 mAdc, I_ = 10 mAdc) 


V CE(sat) 


— 


0. 18 


0.3 


Vdc 


(I_ = 5 mAdc, I_ = 50 mAdc) 




- 


0.45 


- 




Base-Emitter Voltage 

(Ig = . 4 mAdc, I c = 10 mAdc) 


V 

BE 


0. 34 


0.39 


0.44 


Vdc 


Small Signal Forward Current Transfer Ratio 
(V CE =1.0 Vdc, I c = 10 mAdc, f = 100 mc) 


h fe 


— 


9 


- 


db 


Collector Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 mc) 


C ob 


— 


5.0 


— 


pf 


Input Capacitance 
(V EB = 2Vdc) 


C ib 


— 


3.5 


- 


Pf 


Common Base Alpha Cutoff Frequency 
(V CB = 5 Vdc, I c = 10 mAdc) 


f a b 




300 




mc 


Delay + Rise Time 

(I c = 10 mAdc, ^ = 1 mAdc) 


t. + 1 
d r 




55 


75 


nsec 


Storage Time 

(Igj = 1.0 mAdc, t Q2 = . 25 mAdc) 


t 

s 




65 


100 


nsec 


Fall Time 

(I B1 = 1.0 mAdc, = . 25 mAdc) 


l f 




70 


100 


nsec 



STORAGE TIME versus CIRCUIT CURRENT RATIO 



CURRENT GAIN — BANDWIDTH PRODUCT (fr) 
versus COLLECTOR CURRENT 





l c 25 mAdc 








T, = 25°C 






1, ,= 4 l„ 






r, = ioo n 




10 mAdc 


R. = i k n 










l c /l„, CIRCUIT CURRENT RATIO 



l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N705 (continued) 




*n706,A,B (siucon, „„= V £^ 

2N706JAN f T = 400Mc 

2N753 



CASE 22 

(TO- 18) 




NPN silicon annular switching transistors for high- 
speed switching applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


V C B 


25 


Volts 


Collector- Emitter Voltage * 


VCER* 


20 


Volts 


Emitter- Base Voltage 2N706 
2N706A 
2N706B 
2N753 


VEB 


3 
5 
5 
5 


Volts 


Junction Temperature 


T j 


175 


°C 


Storage Temperature 


T stg 


-65 to +175 


°C 


Total Device Dissipation 
at 25° C Case Temperature. 
(Derate 6.67 mW/°C above 25°C) 


PD 


1.0 


Watt 


Total Device Dissipation 
at 25° C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


pd 


0.3 


Watt 


Total Device Dissipation 
at 100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 


pd 


0.5 


Watt 



'Refers to collector breakdown voltage in the high current region when Rbe = 10Q 
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Switching and General Purpose Transistors 

2N706,A,B,2N753 (continued) 



ELECTRICAL CHARACTERISTICS (At 25 # C unless otherwise noted) 



vlldi ai»lcl lallu 






Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
(V CB = 15Vdc, I E = 0) 
(V C B = 15vdc » *E = 0. T A = 150 °C) 
(VcB = 25Vdc » IE = °> 


All Types 
All Types 
2N706A, 2N706B, 


^BO 




005 
3 


0.5 
30 

10 


/lAdc 


Collector- Emitter Cutoff Current 
(VCE * 20Vdc, Rbe = 100k) 


2N706A, 2N706B, 
2N753 


ICER 






10 


/iAdc 


Emitter Cutoff Current 
(VEB = 3Vdc, Ic = 0) 
(Veb = 5Vdc, Ic = 0) 


2N706 
2N706A, 2N706B, 
2N753 


lEBO 


- 


- 


10 
10 


/lAdc 


Collector-Emitter Breakdown Voltage * 
( Ic = lOmAdc.lB = °) 


All Types 


BVCEO* 


15 


24 




Vdc 


Collector- Emitter Breakdown Voltage* 
(R = 10 ohms, Ic = lOmAdc) 


All Types 


BVCER* 


20 


48 




Vdc 


Forward- Current Transfer Ratio* 
(Ic = lOmAdc, VCE = IVdc) 


2N706 
2N706A, 2N706B, 
2N753 


n FE * 


20 
20 
40 


40- 
40 


60 
120 




Base- Emitter Voltage* 
(Ic = lOmAdc, I B = ImAdc) 


2N706 
2N706A, 2N706B, 
2N753 


V BE (sat)* 


0.7 


0.75 
0.75 


0.9 
0.9 


Vdc 


Collector Saturation Voltage* 
(Ic = lOmAdc, Ib = ImAdc) 

(Ic = 50mAdc, I B = 5mAdc) 


2N706, 2N706A 
2N706B 
2N753 
2N753 


v C e (sat)* 


- 


0.3 
0.3 
0.18 
0.3 


0.6 
0.4 
0.6 


Vdc 


Collector Capacitance 
(VCB = SVcfc, I E = 0 

(VCB = lOVdc, I E = 0) 


2N708A, 2N70SB, 
2N753 
2N706 


Cob 


- 


4.5 
5 


5 

6 


pf 


Small-Signal Forward Current Transfer Ratio 
(VCE= 15Vdc, l£ = lOmAdc, 
f = lOOmc) 


All types 


hfe 


2 


4 




- 


Current Gain- Bandwidth Product 

ft/sir) - 1 (\V/4/« Tr> — lOmAHf 
'"CE ~ 13 vac, IE iumnuL, 

f = lOOmc) 


All types 


f T 


- 


400 


- 


mc 


Base Resistance 
(Vce = 15Vdc, IE = lOmAdc, 
f = 300mc) 


2N706B 


r b 




39 


50 


ohms 


Charge Storage Time Constant 


2N706 

2N706A 

2N753 


T ** 

S 




16 
16 
19 


60 
25 
35 


nsec 


Storage Time 


2N706B 






19 


25 


nsec 


Turn-On Time 


All types 


ton** 




30 


40 


nsec 


Turn-Off Time 


All Types 


toff** 




50 


75 


nsec 



•Pulse Test: PW ^ 12msec, Duty Cycle ^ 2% 
** Switching Times Measured with Tektronix Type R Plug-In (50q Internal Impedance) and Circuits Shown Below. 



SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 
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Switching and General Purpose Transistors 



2N708 (SILICON) V CEO = 1 5 V 

^ f T = 450McTyp 

Nlflk \t> Collector connected to case 



%\ NPN silicon annular transistor for high-speed switch- 

CASE 22 %\ ing applications. 

(TO-18) V & 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


40 


Vdc 


Collector-Emitter Voltage 


VCEO 


15 


Vdc 


Emitter-Base Voltage 


V EBO 


5.0 


Vdc 


Total Device Dissipation 
25 °C Case Temperature 

(Derate 6.9 mW/°C above 25°C) 
100°C Case Temperature 

(Derate 6.9 mW/'C above 100°C) 


P D 


1.2 

0.68 


Watts 


Total Device Dissipation 
25 °C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


P D 


0.36 


Watts 


Junction Temperature 


T J 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°c 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Symbol 


AAin 


Typ 


Max 


Unit 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 
(V CB = 20 Vdc, I E = 0, T A = 150°C) 


!CBO 




.005 


025 
15 


fiAdc 


Emitter Cutoff Current 
(V EB = 4.0Vdc, I C = 0) 


T EBO 






.08 


fiAdc 


Collector-Base Breakdown Voltage 
(IC = 1.0 /xAdc, I E = 0) 


BV CBO 


40 






Vdc 


Collector-Emitter Breakdown Voltage 
(IC = 30 mAdc, I B = 0) 


BV CEO 


15 






Vdc 


Collector-Emitter Breakdown Voltage 
(Iq = 30 mAdc, R BE £ 10 «) 


BV CER 


20 






Vdc 


Emitter-Base Breakdown Voltage 
<I E = 10 fiA.dc, Iq = 0) 


BV EBO 


5.0 






Vdc 


Forward Current Transfer Ratio 
(Iq = 0. 5 mAdc, V CE = 1.0 Vdc) 
(Jq = 10 mAdc, V CE = 1. 0 Vdc)* 
(Ic = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C)* 


hpE 


15 
30 
15 




120 




Small Signal Forward Current Transfer Ratio 
(Iq = 10 mAdc, V CE = 10 Vdc, f = 100 mc) 


hfe 


3.0 


4.5 






Collector Saturation Voltage 
(Iq = 10 mAdc, I B = 1. 0 mAdc) 
(Iq = 7.0 mAdc, I B = 0. 7 mAdc, T A = -55 to 125°C) 


v CE(sat) 




0.2 


0.4 
0. 40 


Vdc 


Base-Emitter Saturation Voltage 
(Iq = 10 mAdc, I B = 1. 0 mAdc) 
(Iq = 1.0 mAdc, I B = 0: 7 mAdc, T A = -55°C) 


v BE(sat) 


0.72 




0.80 
0. 90 


Vdc 


Output Capacitance 
(V CB = 10 Vdc, I E = 0) 


Cob 




3.0 


6.0 


P* 


Storage Time 
(Iq =I B1 = 'I B2 = 10 mAdc) 


ts 




15 


25 


nsec 


Collector Current 
(V CE = 20 Vdc, V BE = 0. 25 Vdc, T A = 125°C) 


*CEX 






10 


fiAdc 


Base Resistance 
(Iq = 10 mAdc, V CE = 10 Vdc, f = 300 mc) 


r b' 






50 


Ohms 



* Pulse Test Pulse width S 300 usee, duty cycle S 2% 
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Switching and General Purpose Transistors 



2N 7 1 0 (GERMANIUM) v ces = 1 5 V 

S c = 50 mA 




PNP germanium mesa transistor for saturated and 
and non-saturated switching applications. 

Collector connected to case 



MAXIMUM RATINGS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


V CE 


15 


Vdc 


Collector -Base Voltage 


CB 


15 


Vdc 


Emitter -Base Voltage 


v 

EB 


2 


Vdc 


Collector Current 


x c 


50 


mAdc 


Emitter Current 


h 


50 


mAdc 


Total Device Dissipation @ = 25°C 
Derate above 25°C 


P D 


150 
2 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 
4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T 
J' Stg 


-65 to +100 


°C 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Emitter Breakdown Voltage 
(I CE = 100 MAdc, V BE = 0) 


BV CES 


15 






Vdc 


Collector -Base Breakdown Voltage 
(I c = 100 M Adc, I E = 0) 


BV CBO 


15 






Vdc 


Emitter -Base Breakdown Voltage 
(I E = 100 /xAdc, I c = 0) 


BV EBO 


2 






Vdc 


Collector Cutoff Current 
(V CB =6Vdc, I E =0) 


X CBO 




3 


0.2 


MAdc 


DC Current Gain 

(I c = 10 mAdc, V CE = 0. 5 Vdc) 


h FE 


25 








Collector Saturation Voltage 
(I c = 10 mAdc, l Q = 0. 4 mAdc) 


V CE(sat) 




0.5 




Vdc 
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Switching and General Purpose Transistors 

2N710 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DttOC HillllLwCX uctlUJL clllUll V UlldgtZ 

(I c = 10 mAdc, I B = 0. 4 mAdc) 


v BE(sat) 


0.34 


0.42 


0.5 


Vdc 


Delay + Rise Time 

(I c = 10 mAdc, I B = 1.0 mAdc) 


d r 




60 


75 


ns 


Storage Time 

(I B1 = 1.0 mAdc, I B2 = 0.25 mAdc) 


fc s 




65 


100 


ns 


Fall Time 
(I B1 = 1 mAdc, I B2 = 0. 25 mAdc) 


*f 




70 


100 


ns 



2n711,A,B (GERMANIUM) Y^ZJ^L A 

9 " l c = 50-100 mA 

f T = 300-320 Mc Typ 



CASE 22 

(TO-18) 




PNP germanium mesa transistors for high-speed 
switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N711 


2N711A 


2N711B 


Unit 


Collector-Base Voltage 


v CBO 


12 


15 


18 


Vdc 


Collector-Emitter Voltage 


V CES 


12 


14 


15 


Vdc 


Collector- Emitter Voltage 


v CEO 




7 


7 


Vdc 


Emitter- Base Voltage 


v EBO 


1 


1.5 


2 


Vdc 


Collector Current (Continuous) 


ic 


50 


100 


100 


mAdc 


Emitter Current (Continuous) 


l E 


50 


100 


100 


mAdc 


Junction Temperature 


T J 


-« 100 ► 


°c 


Storage Temperature 


T stg 


-+ 65 to+100. ► 


°C 


Device Dissipation @ T c = 25°C 
Derating factor above 25°C 


P D 


-< 300 ► 

^ 4 ► 


mW 

mW/°C 


Device Dissipation @ T A = 25°C 
Derating factor above 25° C 


P D 


-« 150 ► 

2 ► 


mW 
mW/°C 
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Switching and General Purpose Transistors 



2N71 1 ,A,B (continued) 

ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



Characteristic 


Sym 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(Iq = 100 fiAdc, I E = 0) 


2N711 
2N711A 




E^CBO 


12 
15 


- 


- 


Vdc 


(IC = 20 nAdc, I E = 0) 


2N711B 






18 








Collector-Emitter Breakdown Voltage 
(l£ = 100 fiAdc) 


2N711 
2N711A 




BV CES 


12 
14 


- 


— 


Vdc 


(1q = 20 fMdc) 


2N711B 






15 








Collector- Emitter Breakdown Voltage 

/T_, — c mArlx T - t~l\ 

V1Q □ mnQC t ID — 


2N711A, 2N711B 


BV CEO 


7 


- 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 0.1 mAdc, Iq = 0) 


2N711 

2N711A 

2N711B 






1.0 
1.5 
2.0 


- 


- 


Vdc 


Collector-Base Cutoff Current 
(V CB = 5 Vdc, I E = 0) 


2N711 
2N711A 




^BO 


— 


0.2 


3.0 
1.5 


/lAdc 


( V CB = 10 Vdc > *E = °) 


2N711B 








- 


1.5 




Emitter-Base Cutoff Current 
(V EB = 1 Vdc) 


2N711A 
2N711B 




^BO 


— 


— 


100 


/jAdc 


DC Current Gain 
(1q = 10 mAdc, Vce = 0-5 Vdc) 


2N711 

2N711A 

2N711B 




h FE 


20 
25 
30 


30 


150 
150 




(IC = 50 mAdc, V CE =0.7 Vdc) 


2N711A, 


2N711B 




40 




- 




Collector Saturation Voltage 
(Iq = 10 mAdc, Ijj = 0.5 mAdc) 


2N711 
2N711A 




v CE(sat) 


- 


0.2 


0.5 
0.30 


Vdc 


(I^ = 10 mAdc, I B = 0.4 mAdc) 


2N711B 














(Iq = 50 mAdc, I B = 2 mAdc) 


2N711A 
2N711B 






— 


— 


0.55 
0.45 




Small-Signal Current Gain 
(IC = 10 mAdc, V CE = 5 Vdc, f = 100 mc) 


2N711A, 2N711B 


hfe 








— 


(IC = 10 mAdc, V CE = 0.5 Vdc, f = 100 mc) 


2N711A 
2N711B 






1.1 
1.2 








Base-Emitter Voltage 
(IC = 10 mAdc, I B = 0.4 mAdc) 


2N711, 2N711A 
2N711B 


VfiE 


0.30 


0 3S 


0.44 


Vdc 


(Jq = 50 mAdc, I B = 2 mAdc) 


2N711A 
2N711B 






0.40 
0.40 





0.65 
0.65 




Collector Output Capacitance 
( V CB = 5 Vdc > Ie = °. f = 1 mc ) 


2N711A, 2N71 IB 


c ob 







6 


pf 


(V CB = 10 Vdc, I E = 0, f = 1 mc) 


2N711 








5.0 






Fall Time 


r 2N711A 
. 2N711B 




*f 


— 


— 


110 


nsec 


Figure 2: - 


' 2N711A 
2N711B 
. 2N711 








90 


110 
100 
150 




Minority Carrier Storage Time 

Figure 1: - 


r 2N711A 
L 2N711B 




ts 






150 
140 


nsec 


Figure 2: ■ 


' 2N711A 
2N711B 
2N711 








90 


120 
100 
200 




Delay Plus Rise Time 

Figure 1: - 


2N711A, 


2N711B 


*d + t r 






100 


nsec 


Figure 2: ■ 


2N711A, 2N711B 
. 2N711 






70 


75 
100 
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Switching and General Purpose Transistors 

2N711,A,B (continued) 

SWITCHING CIRCUITS 



HEVftETT-PACKARD 
MOOCl 212A 
PULSE SEN. 



-4.5V I 

Une— A U- 



FIGURE 1 



OUTPUT 

SCOPE — TEKTRONIX S45 
q OR EQUIVALENT 



FIGURE 2 



NOTE : ALL RESISTORS :fcl% 



RISE AND FALL TIME < 1 nut 
PULSE WIOTH 0.5^MC 
SKLMOO. 503 OR EQUIVALENT 





l c . COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N7 18 (SILICON) 



For Specifications, See 2N697 Data Sheet 



2N718A (SILICON) 

2N956 

2N1613 

2N1711 





V C er = 50V 

f T = 300 Mc Typ 




CASE 22 

(TO- 18) 

2N718A 
2N956 

Collector connected to case 

NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1613 
2N1711 
(TO-5) 


2N718A 
2N956 
(T0-18) 


Unit 


Collector-Base Voltage 


v CBO 


75 


75 


Vdc 


Collector -Emitter Voltage 


V CER 


50 


50 


Vdc 


Emitter -Base Voltage 


V EBO 


7 


7 


Vdc 


Total Device Dissipation at 

25° C Case Temperature 
Derate 


Pd 


3 

17. 1 


1.8 
10.3 


Watts 
mW/°C 


Total Device Dissipation at 

25 °C Ambient Temperature 
Derate 


P D 


0.8 
4. 57 


0.5 
2. 86 


Watt 
mW/°C 


Junction Temperature 


Tj 


-65 to +200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 
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Switching and General Purpose Transistors 

2N718A, 2N956, 2N1613 f 2N1711 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 






^BO 










/iAdc 


' CB "0 Vac, I E = 0) 






- 


.001 


. 01 






Collector Cutoff Current 






-CBO 










/iAdc 


' CB Vac, 1^ = 150 C) 






- 


- 


10 






Emitter Cutoff Current 






J EBO 










jiAdc 


/V — £ \TAn T — f\\ 

' EB " 5 vac ' l C ~ °' 


OVT1 C11 


OTVTT1 O A 


- 


- 


. 010 






2N1711 


Ci IN «7 J O 








. 005 






— n — i 

Collector ~B3.se Breakdown Voltage 






BV CBO 










Vdc 








75 










Collector -Emitter Breakdown Voltage 






BV C ER 










Vdc 


(Iq = 100 mAdc, pulsed; R BE = -° n ) 






50 


— 


— 






Emitter -Base Breakdown Voltage 






BVnnA 

EBO 










Vdc 


(I E = 100 /iAdc, Iq = 0) 






7 










Collector Saturation Voltage 






— sr 

v CE(sat) 










Vdc 


(Ic = 150 mAdc, I B = 15 mAdc) 








0.24 


1.5 






Basp— Flmittpr Saturation Voltncrp 






v * 
BE(sat) 










Vdc 


(I c = 150 mAdc, I B = 15 mAdc) 










1.0 


1. 3 






DC Forward Current Transfer Ratio 






n FE 










~~ 


\ir\ ~ • v± nixiuc, Vpg — iu vucj 


III, 


2N956 


20 


-~ 








(I c = 0. 1 mAdc, V CE = 10 Vdc) 


2N1613, 


2N718A 




20 











2N1711, 


2N956 




35 




— 






(Ic = 10 mAdc, V CE = 10 Vdc) 


2N1613, 


2N718A 




35 


— 


- 






2N1711, 


2N956 




75 


— 








(I c = 10 mAdc, V CE = 10 Vdc, T A = -55° C) 


2N1613, 


2N718A 




20 


- 










2N1711, 


2N956 




35 










(I c = 150 mAdc, V CE = 10 Vdc)* 


2N1613, 


2N718A 




40 




120 






2N1711, 


2N956 




100 




300 






(I c = 500 mAdc, V CE = 10 Vdc)* 


2N1613, 


2N718A 




20 





— 






2N1711, 


2N956 




40 


- 


_ 






Output Capacitance 






C , 

ob 










pf 


(V CB = 10 Vdc, I E = 0, f = 100 kc) 








4 


25 






Input Capacitance 
















Pf 


(V EB = 0. 5 Vdc, Ic = 0, f = 100 kc) 








20 


80 






Small Signal Forward Current Transfer Ratio 




h fe 










— 


(V CE = 10Vdc, I c = 50mAdc, f=20mc) 


2N1613, 


2N718A 




3.0 


15 








2N1711, 


2N956 




3. 5 


15 








Current Gain 






h fe 










— 


(I C = 1 mAdc, V C E = 5 Vdc, f = 1 kc) 


2N1613, 


2N718A 


30 


— 


100 






2N1711, 


2N956 




50 


— 


200 






(I c = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 


2N1613, 2N718A 




35 




150 






2N1711, 


2N956 




70 




300 






Input Resistance 






h ib 










Ohms 


(I c = 1 mAdc, V C b = 5 Vdc, f = 1 kc) 






24 




34 






(I c = 5 mAdc, V C b = 10 Vdc, f = 1 kc) 








4 




8 






Voltage Feedback Ratio 






n rb 












(lC = 1 mAdc, V C B = 5 Vdc, f = 1 kc) 


2N1613, 


2N718A 






3x 10' 


4 




2N1711, 


2N956 








5x 10' 


4 




(I c = 5 mAdc, V CB = 10 Vdc, f = 1 kc) 


2N1613, 


2N718A 








3X 10' 


-4 




2N1711, 


2N956 








5X 10- 


4 




Output Conductance 






h ob 










/imho 


(I c = 1 mAdc, V CB = 5 Vdc, f = 1 kc) 






0. 1 




0.5 






(I c = 5 mAdc, V CB = 10 Vdc, f = 1 kc) 








0. 1 




1.0 






Noise Figure 






NF 










db 


(V CB = 10 Vdc, I c = 300 /xAdc, f = 1 kc) 


2N1613, 


2N718A 








12 






2N1711, 2N956 








8 







*Pulse Test: Pulse width ^ 300 /xsec Duty cycle = 2% 
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Switching and General Purpose Transistors 



2N722 (SILICON) 
2N1132AB 

2N1132 USN/JAN 
2N2303 



CASE 22 

(TO- 18) 

2N1132.A 
2N2303 
Collector connected to case 



CASE 31 

(TO-5) 
2N722 





VcEO = 35-45 V 

l c = 500-600 mA 
f t = 200 McTyp 



PNP silicon annular transistors for medium -current 
switching applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 

2N722, 2N1132, 2N2303 

2N1132A 

2N1132B 


v CBO 


50 
60 
70 


Vdc 


Collector- Emitter Voltage 

2N722, 2N1132, 2N2303 

2N1132A 

2N1132B 


v CEO 


35 
40 
45 


Vdc 


Emitter-Base Voltage 

2N722, 2N1132, 2N1132A, 2N2303 
2N1132B 


v EBO 


5 
6 


Vdc 


Collector- Emitter Voltage 
(R BE Z 10 n) 

2N722, 2N1132, 2N1132A, 2N2303 
2N1132B 


V CER 


50 
60 


Vdc 


Collector Current 
2N2303 

2N1132A, 2N1132B 


ic 


500 
600 


mAdc 


Total Device Dissipation § Tq = 25°C 
TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C 


Pd 


2 

13.3 


Watts 
mW/°C 


TO-18: 2N722 

Derating Factor Above 25°C 




1.5 
10 


Watts 
mW/°C 


Total Device Dissipation @ T^ = 25°C 
TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C 


Pd 


0.6 
4.0 


Watt 
mW/°C 


TO-18: 2N722 

Derating Factor Above 25°C 




0.4 
2.67 


Watt 
mW/°C 


Junction Temperature 


T J 


+ 175 


OC 


Storage Temperature Range 


T stg 


-65 to + 200 


°C 
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Switching and General Purpose Transistors 

2N722, 2N1132,A,B, 2N2303 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Types 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(Ic = 100/iAdc, I E = 0) 


2N722, 2N1132, 2N2303 

2N1132A 

2N1132B 


BV CBO 


50 
60 
70 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(I E - 100 jiAdc, Iq = 0) 


2N722, 2N1132, 2N2303 


BV EBO 


5 




Vdc 


(I E = 1 mAdc, Ic = 0) 


2N1132A 
2N1132B 




5 
6 







Collector- Emitter Breakdown Voltage 
(I c =100 mAdc pulsed) 


2N722 , 2N1132, 2N2303 

2N1132A 

2N1132B 


BV CEO 


35 
40 
50 




- 


Vdc 


Collector- Emitter Breakdown Voltage 
(IC = 100 mAdc pulsed, R BE £ 10 «) 


2N722, 2N1132, A, 2N2303 
2N1132B 


BV CER 


50 
60 


- 


Vdc 


Collector Cutoff Current 
(Vr>n = 30 Vdc Itr = 0) 


2N722, 2N1132, 2N2303 


*CBO 




i 


MAdc 


(V CB = 30 Vdc, I E = 0, T A = 150°C) 


2N722 , 2N1132, 2N2303 




- 


100 




< V CB = 50 Vdc > ! E = °) 


2N1132A 
2N1132B 






0.5 
0.01 




(V CB = 50 Vdc, I E = 0, T A = 150°C) 


2N1132A 
2N1132B 




_ 


50 
10 




Emitter Cutoff Current 
(V EB = 5 Vdc, Iq = 0) 


2N1132A 
2N1132B 


^BO 


— 


100 
0.1 


(lAdc 


(V EB = 2 Vdc, Ic = 0) 


2N2303 






100 




DC Forward Current Transfer Ratio 
(I C = 5 mAdc, V CE = 10 Vdc) 


2N722, 2N1132, A, B 
2N2303 


h FE 


25 
75 


— 




(I c = 150 mAdc, V CE = 10 Vdc) 


2N722, 2N1132, A, B 
2N2303 




30 
75 


90 
200 




Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 


All Types 


v CE(sat) 


- 


1.5 


Vdc 


Base- Emitter Saturation Voltage 
(I c - 150 mAdc, I B = 15 mAdc) 


All Types 


V BE(sat) 




1.3 


Vdc 


Output Capacitance 
(V£ B = io Vdc, I E = 0, f = 100 kc) 


2N722, 2N1132, 2N2303 


c ob 




45 


P* 


(V CB = 10 Vdc, I E = 0, f = 1 mc). 


2N1132A, 2N1132B 




- 


30 




Input Capacitance 
(V EB = 0.5 Vdc, I E = 0, f = 100 kc) 


All Types 


c ib 


- 


80 




Small-Signal Forward Current Transfer Ratio 
(Iq = 1 mAdc, Vc E = 5 Vdc, f = 1 kc) 


2N722, 2N1132 
2N1132A, 2N1132B 
2N2303 


hfe 


25 
75 


100 
75 
300 




(I c = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 


2N722, 2N1132, A, B 
2N2303 




30 
75 


— 




Current-Gain — Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 20 mc) 


All Types 




60 


- 


mc 


Small. Signal Input Resistance 
(I c = I mAdc, V CB = 5 Vdc, f = 1 kc) 


All Types 


h ib 


25 


35 




(Ic = 5 mAdc, V CB = 10 Vdc,f= lkc) 






10 




Small Signal Output Admittance 
(Ic = L mAdc, V CE = 5 Vdc, f = 1 kc) 


AH Types 


h ob 




1 


//mhos 


(Ic = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 






5 




Small: Signal Voltage Feedback Ratio 
(I c = 1 mAdc, V CE = 5 Vdc, f = 1 kc) 

(I c = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 


All Types 


h rb 




8 
8 


xlO- 4 
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Switching and General Purpose Transistors 



2N744 (SILICON) 



CASE 22 

(TO-18) 




Vceo=12V 
l c = 200 mA 
f T = 450McTyp 



NPN silicon annular transistor for high-speed switch- 
ing applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V C B 


20 


Vdc 


Collector- Emitter Voltage* 


V C E 


12 


Vdc 


Emitter -Base Voltage 


v E b 


5 


Vdc 


Collector DC Current 


ic 


200 


mAdc 


Total Device Dissipation at 
25 °C Case Temperature 
(Derate 6. 67 mW/°C above 25 - C) 


P D 


1.0 


Watt 


Total Device Dissipation at 
25 °C Ambient Temperature 
(Derate 2 mW/'C above 25°C 


P D 


0.3 


Watt 


Junction Temperature 


T J 


+200 


•c 


Storage Temperature 


T stg 


-65 to -« 200 


•c 



Refers to the voltage at which the magnitude of hpg approaches one when the 
emitter base diode is open-circuited. 



SWITCHING TIME TEST CIRCUIT 



CHARGE STORAGE TEST CIRCUIT 



MODEL 303 LUMATR0N 
PULSE GENERATOR 
OR EQUIVALENT 




IC = -f-10 mAdc 
IB1 = -f 10 mAdc 
IB2 = —10 mAdc 



MODEL 12-AB 
LUMATR0N 
OSCILLOSCOPE 
OR EQUIVALENT 
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2N744 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
(V CE = 20 Vdc, I E = 0) 
(Vc E = 20 Vdc, I B - 0, Ta = 170° C) 


*ces 


- 


.005 


1.0 
100 


/iAdc 


Collector Cutoff Current 
(V CE = 10 Vdc, V BE = 0.35 Vdc, T A - 100°C) 


k:Ex 






30 


/xAdc 


Emitter Cutoff Current 
(V EB =5 Vdc, lc = 0) 


*EBO 


- 


- 


10 


/xAdc 


Collector -Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0)* 


BV CEO 


12 


30 


- 


Vdc 


Forward Current Transfer Ratio 
(I c = 1.0 mAdc, V CE - 0. 25 Vdc) 
(IC = 10 mAdc, Vce = 0.35 Vdc) 
(I c - 10 mAdc, V CE = 0. 35 Vdc, Ta - -55°C) 
(Iq = 100 mAdc, Vce =1-0 Vdc)* 


n FE 


20 
40 
20 
20 


- 


120 




Smull Signal Forward Current Transfer Rutio 
(Ic = 10 mAdc, V C e = 10 Vdc, f = 100 mc)' 


h fe 


2. 8 


4.5 






Base -Emitter Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 
(Ic = 10 mAdc, I B = 1 mAdc, Ta = -55°C) 

/ T _ inn m\Ar> T— - 1f\ miHnU 

\i(2 - iuu ninac, i B - iu m/\acj~ 

(I c = 100 mAdc, I B = 10 mAdc, T A = -55°C)* 


V B E 


0.7 
- 


- 


0. 85 

1. 1 
1. 5 
1.6 


Vdc 


Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc, T A = 170°C) 
(I c = 100 mAdc, I B - 10 mAdc, T A - 170°C)* 


VcE(sat) 






0.35 
1.0 


Vdc 


Output Capacitance 
( V CB = 5 Vdc, I E = 0) 


c ob 




3.0 


5.0 


Pf 


Turn-on Time 
(Condition 1) 
(Condition 2) 
(Condition 3) 
(Condition 4) 


ton 




26 
10 
7 
6 


16 
12 


nsec 


Turn-off Time 
(Condition 1) 
(Condition 2) 
(Condition 3) 
(Condition 4) 


l off 




30 
17 
18 
23 


24 
45 


nsec 


Charge Storage Time Constant 
(I c = 10 mAdc, I B1 = -I B 2 = 10 mAdc) 


T s 






18 


nsec 



* Pulse Test: Pulse width % 300 /isec, duty cycle ^ 2% 























<on 


^ff 


CONDITION 


mA 


mA 


! B2 
mA 


V BE(off) 
Vdc 


V CC 
Vdc 


Rj =R 2 


R 3 

n 


R 4 


R 5 


V B B 
V 


VlN 

V 


v B b 

V 


V IN 
V 




3 


1 


-0. 5 


-0.9 


3.4 


6. 8 K 


50 


IK 


0 


-1.8 


10.2 


8.4 


-10. 2 


2 


10 


3 


-1. 5 


-1. 5 


3.0 


3.3 K 


50 


220 


0 


-3.0 


15.0 


12.0 


-15. 0 


3 


50 


15 


-7. 5 


-1.8 


4.0 


680 


50 


18 


1 K 


-3.5 


15.3 


* 11.7 


-15. 3 


4 


100 


40 


-20.0 


-2.4 


6.0 


330 


56 


0 


1 K 


-4. 5 


20.0 


♦15. 3 


-20.0 



*V BB is pulsed for 1. 5 sec ® less than 10% duty cycle 
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Switching and General Purpose Transistors 

2N753 (SILICON) 



For Specifications, See 2N706 Data Sheet 



2N827 (GERMANIUM) 




PNP germanium mesa transistor for high-speed 
switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


20 


Vdc 


Collector- Emitter Voltage 


V CES 


20 


Vdc 


Collector- Emitter Voltage 


V CEX 


10 


Vdc 


Emitter-Base Voltage 


V EBO 


4 


Vdc 


Collector Current (Continuous) 


ic 


100 


mAdc 


Junction Temperature 


Tj 


+ 100 


°C 


Storage Temperature 


T stg 


-65 to + 100 


°c 


Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/°C above 25°C) 


P D 


150 


mW 



V C es = 20V 
l c = 100 mA 
f T = 350 Mc Typ 
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Switching and General Purpose Transistors 



2N827 (continued) 



ELECTRICAL CHARACTERISTICS (At = 25°C unless otherwise sDecified) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I C =100 /iAdc, I E =0) 


BV CBO 


20 


22 





Vdc 


Collector- Emitter Breakdown Voltage 
(I c =100 J/Adc, V EB =0) 


BV CES 


20 


22 





Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 ^Adc, 1^=0) 


BV EBO 


4 


5 




Vdc 


Collector Latch-up Voltage 


LV CEX 


10 


--- 


--- 


Vdc 


Collector- Emitter Cutoff Current 
(V CE =15 Vdc, V EB =0) 


^ES 


--- 


0.5 


5 


/iAdc 


Collector-Base Cutoff Current 
(V CB =15 Vdc ) 


! CBO 


— 


0.5 


5 


H Adc 


DC Forward Current Transfer Ratio 
(I c =10 mAdc, V CE = 0.3 Vdc) 


u 

FE 


100 


150 


--- 




Collector- Emitter Saturation Voltage 
(1q =10 mAdc, I B =3.3 mAdc) 


V CE(sat) 





0.16 


0.25 


Vdc 


Base- Emitter Voltage 
(I c =10 mAdc, I B =3.3 mAdc) 


V BE 


... 


0.39 


0.5 


Vdc 


Small-Signal Forward Current Transfer Ratio 
(I c =10 mA, V CE = 1 V, f= 100 mc) 


h fe 


2.5 


3.5 






Collector Output Capacitance 
(V CB =10 V, I E =0, f = 1 mc) 


c ob 




4 


9 


pf 


Delay Time 


*d 




10 


15 


nsec 


Rise Time 


*r 




10 


20 


nsec 


Storage Time 


*s 




15 


30 


nsec 


Fall Time 






15 


30 


nsec 



l cs = -lOmAdc 
1 1, = -3.3mAdc 




SWITCHING TIME TEST CIRCUIT 



Vk,„ = +4Vdc 
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Switching and General Purpose Transistors 

V CES = 15V 

2N828 (GERMANIUM) "c = 2 ^0 mA 

f T = 400Mc Typ 



CASE 22 

(TO-18) 




PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

v CEO 


15 


Vdc 


Collector -Base Voltage 


V CB 


15 


Vdc 


Emitter-Base Voltage 


v 

EB 


2.5 


Vdc 


Collector-Current 




200 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


150 
2 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 

4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T , T . 
J' stg 


-65 to +100 


°C 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT 



INPUT WAVEFORM 



+1.25V 



-f 4V 



—4.4V 
INPUT WAVEFORM 



PULSE VOLTS 
INTERNAL RESISTANCE 

200 O 4.8K 

— wv 




TYPER SAMPLING RESISTOR 
20 

O 



_3Vdc (APPROX) 
(ADJUST FOR l c = —10mA) 



NOTE: 

l Bl = —1mA 
l ns = +0.25mA 
l c - _10mA 

USE TEKTRONIX TYPE R PLUG-IN 



FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT 



PULSE VOLTS 
INTERNAL RESISTANCE 



TYPE R SAMPLING RESISTOR 

20 n 

O 



A/W- 




— lOVdc (APPROX) 
(ADJUST FOR l c = 10mA) 
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Switching and General Purpose Transistors 

2N828 (continued) 



FIGURE 3 — RISE TIME FACTOR 

HEWLETT PACKARD 
MODEL 185 SAMPLING 
OSCILLOSCOPE 




— 3.0Vdc 



+ 1.05V 



INPUT WAVEFORM 



FIGURE 4 — STORAGE AND FALL TIME TEST CIRCUIT 



SCOPE TRIGGER 



OBSERVE 
INPUT HERE 




HEWLETT-PACKARD 
MODEL 185 SAMPLING 
OSCILLOSCOPE 

O 



ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



Characteristic 


Symbol 


A/lin 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 1 mAdc, I B = 0) 


BV CEO 




10 




Vdc 


Collector-Emitter Breakdown Voltage 
(i c = ioo Mdc, v BE = 0) 


BV CES 


15 


25 




Vdc 


Collector -Base Breakdown Voltage 
(I c = lOOjuAdc, I E = 0) 


BV CBO 


15 


25 




Vdc 


Emitter -Base Breakdown Voltage 
(I E = 100 ^Adc, I c = 0) 


BV EBO 


2.5 






Vdc 


Collector Cutoff Current 
< V CB as8Vdc ' I E =0 > 


^BO 




0.4 


3 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 mAdc, V CE = 0. 3 Vdc) 


h FE 


25 


40 






Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 

(I c = 50 mAdc, I fi = 5 mAdc) 


(V CE(sat) 




0.12 
0.18 


0.2 
0.25 


Vdc 


Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V BE(sat) 


0.34 


0. 39 


0. 44 


Vdc 
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Switching and General Purpose Transistors 

2N828 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 

(I c = 10 mAdc, V CE = 1 Vdc, £ = 100 MHz) 




300 


400 


- 


MHz 


Output Capacitance 

(V„„ = 10 Vdc, I„ = 0) 
CB ' E ' 


C ob 




3. 5 




pF 


Small Signal Current Gain 

(I c = 10 mAdc, V CE = 1 Vdc, f = 100 MHz) 


n fe 


3 


4 


- 




Delay Plus Rise Time (Figure 1) 






50 


70 


ns 


Storage Time (Figure 1) 


l B 




33 


50 


ns 


Fall Time (Figure 1) 


*f 




35 


50 


ns 


Charge Storage Time Constant (Figure 2) 


T s 




14 


25 


ns 


Rise Time (Figure 3) 


fc r 




7 




ns 


Storage Time (Figure 4) 






5 




ns 


Fall Time (Figure 4) 


4 




3 




ns 



2N828A (GERMANIUM) 

2n829 



Vces=15V 

l c = 200 mA 

f T = 300Mc Min 




Collector connected to case 



CASE 22 

(TO-18) 



MAXIMUM RATINGS 



PNP germanium epitaxial mesa transistors for high- 
speed switching applications 



Characteristic 


Symbol 


Rating 


Unit 


Collector to Base Voltage 


V 

V CBO 


15 


Vdc 


Collector to Emitter Voltage 


V CES 


15 


Vdc 


Emitter to Base Voltage 


v 

EBO 


2. 5 


Vdc 


Collector Current (Continuous) 


*c 


200 


mAdc 


Total Device Dissipation at 25° C case 


P D 


300 


mW 


Temperature (Derate 4. 0mw/°C above 25°C) 








Total Device Dissipation at 25°C 


P D 


150 


mW 


Ambient Temperature (Derate 2. 0mw/°C) 








Junction Temperature 


T J 


+100 


°C 


Storage Temperature 


stg 


-65 to +100 


°C 



8-32 



Switching and General Purpose Transistors 

2N828A, 2N 829 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector to Base Breakdown Voltage 
I E = 0, I c = -lOOyAdc 


BV CBO 


15 


25 




Vdc 


Collector to Emitter Breakdown 
Voltage 

B EB = °' *C = - 100 ^ Adc 


CES 


15 


25 




Vdc 


Emitter to Base Breakdown Voltage 
I c = 0, I E = -100/iAdc 


BV EBO 


2. 5 






Vdc 


Collector Cutoff Current 
V CB=- 6Vd ° 


^BO 




.4 


3 


//Adc 


Forward Current Transfer Ratio 
T = -lOmAdc, V„„ = -.3Vdc 


2N828A 
2N829 


h FE 


25 
50 


40 
80 






Forward Current Transfer Ratio 
I c = -150m Adc, V CE = -lVdc 


2N828A 
2N829 


h. 

fe 


25 
50 


40 
80 


—* 


— 


Collector Saturation Voltage 
I c = -10m Adc, Ig = -1.0 mAdc 
I c = -10m Adc, I B = -0. 5mAdc 


2N828A 
2N829 


V CE(sat) 




0.11 
0. 11 


0.20 
0. 20 


Vdc 


Collector Saturation Voltage 
I c = -50mAdc, Ig = -5. OmAdc 


V CE(sat) 


- 




0.25 


Vdc 


Collector Saturation Voltage 
I c = -150m Adc, I B = -15mAdc 
I c = -150mAdc, I B = -7. 5mAdc 


2N828A 
2N829 


V CE(sat) 




0.35 
0.38 


0.50 
0.50 


Vdc 


Base to Emitter Voltage 

= -lOmAdc, Ig = -ImAdc 


2N828A 


V 

BE 


0.34 


0.40 


0.44 


Vdc 


I c = -10m Adc, Ig = -0. 5m Adc 


2N829 




.3.0 


0.38 


0.44 




Base to Emitter Voltage 

I c = -150mAdc, Ig = -15m Adc 


2N828A 


V BE 




0.70 


0.85 


Vdc 


I 0 = -150m Adc, I n = -7. 5m Adc 


2N829 






0.65 


0.85 




Collector Capacitance 
I E ss0 ' V CB=- 6VdC 


C ob 




2.2 


4 


Pf 
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Switching and General Purpose Transistors 

2N828A, 2N 8 29 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Capacitance 
V EB =lVdc 


c ib 




2. 2 


3. 5 


pf 


Small Signal Forward Current 
Transfer Ratio 

I - -lOmAdc V„ = -lVdc f = 100 mc 
C ' CE ' 




3.0 


4.0 






Current Gain Bandwidth Product 

= -lVdc, I 0 = -lOmAdc, f = lOOmc 


f t 


300 


400 




Mc 


Delay Plus Rise Time (Fig. 1) 
I c = -lOmAdc 


td+tr 




35 


50 


nsec 


Storage Time (Fig. 1) 
I c = -lOmAdc 


ts 


-- 


30 


50 


nsec 


Fall Time (Fig. 1) 
I c = -lOmAdc 


tf 


- 


30 


50 


nsec 


Total Control Charge (Fig. 3) . 
I c = -lOmAdc 


Q T 


- 


50 


80 


pC 


Delay Plus Rise Time (Fig. 2) 

I~ = -150mAdc 
C 






25 


50 


nsec 


Turn Off Time (Fig. 2) 
I c = -150mAdc 


'off 




60 


100 


nsec 


Total Control Charge (Fig. 4) 
I c = -150mAdc 


Q T 




120 


175 


PC 



FIGURE 1 — 10mA SWITCHING TIME 
TEST CIRCUIT 



SAMPLING 
RESISTOR 



INPUT 
SIGNAL 



PULSE 
VOLTS 
INTERNAL 
RESISTANCE 



-If 



3.1Vdc 
0 SCOPE V Qut 



I c = -lOmAdc 
IB1 = -ImAdc 
IB2 = +0.25mAdc 
VBE (0) = +1. 25Vdc 

SCOPE INPUT IMPEDANCE = lMegohm 
SCOPE INPUT CAPACITANCE = 20pf 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE t r = t { = 2nsec 

FIGURE 3 — 10mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

♦ADJUST V BB FOR -5. 4 VOLT PULSE AT POINT A 
300 



16pf 



V BB* 10 0 A 



U 



-5.4 Vdc 
AT POINT A 100 




FIGURE 2 — 150mA SWITCHING TIME 
TEST CIRCUIT 



SAMPLING 
RESISTOR 



PULSE 
VOLTS 
INPUT INTERNAL 
SIGNAL RESISTANCE 

+1.9 Vdc , nn onr 



-WrfAW — O -7 

I qSC( 



75 Vdc 
SCOPE V , 



-tr- 




IC = -150mAdc 
Igj = -7. 5mAdc 
Ig2 = +1- 9mAdc 
v BE(0) = -nl.9Vdc 



SCOPE INPUT IMPEDANCE = 1 Megohm 
SCOPE INPUT CAPACITANCE = 20p{ 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 



FIGURE 4 — 150mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

♦ADJUST V B B FOR -8 VOLT PULSE AT POINT A 



V BB* 100 A 

-j j- o — vw 

-8 Vdc 

AT POINT A 100 




10 nsec MAX ->\ 
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Switching and General Purpose Transistors 



2N834 (SILICON) V CE s= 20-30 V 

l c = 200 mA 

2n835 f T = 500McTyp 

NPN silicon epitaxial mesa transistors for high- 
speed switching applications. 

CASE 22 

(TO-18) 

Collector connected to case 




MAXIMUM RATINGS 



Characteristic 


Symbol 


2N834 


2N835 


Unit 


Collector -Emitter Voltage 


V 

V CES 


30 


20 


Vdc 


Collector -Base Voltage 


V CB 


40 


25 


Vdc 


Emitter -Base Voltage 


v 

EB 


5 


3 


Vdc 


Collector Current -Continuous Peak 


l c 


200 


mAdc 


Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 


P D 


0.3 
2 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


1.0 
6.67 


Watt 
mW/°C 


Total Device Dissipation @ T c = 100°C 
Derate above 100°C 


P D 


0.5 
6.67 


Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J> T stg 


-65 to +175 


°C 
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Switching and General Purpose Transistors 

2N834, 2N835 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 

(Ip = 10 /iAdc, I„ = 0) 2N834 
U * 2N835 


BV pRn 


40 

25 




Vdc 


Emitter -Base Breakdown Voltage 

(L = 10 Mdc, I n = 0) 2N834 
* ^ 2N835 


BV EBO 


5 
3 




Vdc 


Collector Cutoff Current 

(V CE = 30 Vdc, V BE = 0) 2N834 

(V CE = 20 Vdc, V BE = 0) 2N835 


T CES 




10 
10 


/LiAdc 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

(V CB = 20 Vdc, I E = 0, T A = 150°C) 


! CBO 




0.5 
30 


MAdc 


ON CHARACTERISTICS 


* 

DC Current Gain 

(I p = 10 mAdc, V nTr = 1 Vdc) 2N834 
U ^ 2N835 


* 

h FE 


25 
20 






Collector -Emitter Saturation Voltage 

(I r = 10 mAdc, I = 1 mAdc) 2N834 

2N835 

(I n = 50 mAdc, I_ = 5 mAdc)* 2N834 
U B 2N835 


' V CE(sat) 




0. 25 
0.30 

0.4 


Vdc 


* 

Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


* 

V BE(sat) 




0.9 


Vdc 


DYNAMIC CHARACTERISTICS 


Current- Gain — Bandwidth Product 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 2N834 

(I c = 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 2N835 


f T 


350 
300 




MHz 


High- Frequency Current Gain 

(I c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 2N834 

(I c = 10 mAdc, V CE = 15 Vdc, f = 100 MHz) 2N835 




3.5 
3.0 






Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


C ob 




4.0 


PF 


Charge -Storage Time Constant (Figure 2) 

(I n = 10 mAdc, I n1 = I_, = 10 mAdc) 2N834 
C B1 B2 2N835 


l s 




25 
35 


ns 


Turn-On Time (Figure 1) 

(Ip = 10 mAdc, I 01 = 3 mAdc, I_ n = 1 mAdc) 2N834 
C B1 B2 2N835 


t 

on 




33 
20 


ns 


Turn-Off Time (Figure 1) 

(I~ = 10 mAdc, I D1 = 3 mAdc, I_ 0 = 1 mAdc) 2N834 
C Bl B2 2N835 






75 
35 


ns 



*Pulse Test: Pulse Width < 12 ms, Duty Cycle < 2% 
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Switching and General Purpose Transistors 



2N834, 2N835 (continued) 



RISE TIME FACTOR 




10 20 



NORMALIZED CURRENT GAIN 
CHARACTERISTICS 





2.4 




2.2 




2.0 








1.8 






5 


1.6 






=3 


1.4 


O 




O 


1.2 


o 


o 


1.0 






<t 


0.8 






o 


0.6 








0.4 








0.2 




0 

















\ 






= 1 vc 


It 
















































































Tj = 


= +150 
























Tj = 


+ 100 




















































Tj = +25 
















































- T 


— _«0 



































































































1 10 
l c , COLLECTOR CURRENT (mAdc) 



2N838 (GERMANIUM) 



CASE 22 

(TO-18) 




V CES = 30V 
I c = 100 mA 
f T = 300 Mc 

PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


30 


Vdc 


Collector- Emitter Voltage 


V CES 


30 


Vdc 


Collector- Emitter Voltage 


V CEX 


15 


Vdc 


Emitter-Base Boltage 


v EBO 


2.5 


Vdc 


Collector Current (Continuous) 


h 


100 


mAdc 


Junction Temperature 




+100 


°C 


Storage Temperature 


T 5tg 


-65 to+ 100 


°C 


Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/°C above 25°C) 


P D 


150 


mW 
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Switching and General Purpose Transistors 

2N838 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c =100 jwAdc, I E =0) 


BV CBO 


30 


35 


--- 


Vdc 


Collector- Emitter Breakdown Voltage 
(I C = 100 J/ Adc, V EB =0) 


BV CES 


30 


35 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 fi Adc, I c = 0) 


BV EBO 


2.5 


4.5 


--- 


Vdc 


Collector Latch-up Voltage 
(see Figure 2) 


LV CEX 


15 


— 


--- 


Vdc 


Collector- Emitter Cutoff Current 
(V CE =15 Vdc, V EB =0) 


J CES 


— 


1 


10 


fiAdc 


Collector-Base Cutoff Current 
(V CB = 15V) 


^BO 


— 


1 


10 


U Adc 


DC Forward Current Transfer Ratio 
(I c = lOmAdc, V CE = 0.3 Vdc) 


h FE 


30 


70 


— 


— 


Collector-Emitter Saturation Voltage 
(I c =10 mAdc, I B =3.3 mAdc) 


V CE(sat) 




0.1 


0.18 


Vdc 


Base- Emitter Voltage 
(I c = 10 mAdc, I B =3.3 mAdc) 


V BE 





0.39 


0.5 


Vdc 


Small-Signal Forward Current Transfer Ratio 
(I c = 10 mA, V CE = 1 V, f = 100 mc) 


h fe 


3 


4.5 




— 


Collector Output Capacitance 
(V CB = 10 V, I E = 0, f = l mc) 


C ob 




2 


4 


Pf 


Delay Time (Figure 1) 


td 




10 


15 


nsec 


Rise Time (Figure 1) 


*r 




7 


15 


nsec 


Storage Time (Figure 1) 


'b 




10 


20 


nsec 


Fall Time (Figure 1) 


*f 




10 


20 


nsec 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — AREA OF PERMISSIBLE LOAD LOCI 




01 23456789 10 
V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Switching and General Purpose Transistors 



2N869 (SILICON) 
2N995 



CASE 22 

(TO-18) 




V CBO = 20-25 V 
f T = 300 McTyp 



PNP silicon annular transistors for high-frequency 
general- purpose amplifier applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Types 


Rating 


Unit 


Base Voltage 


v CBO 


2N869 
2N995 


25 
20 


Volts 
Volts 


Collector- Emitter Voltage 


v CEO 


2N869 
2N995 


18 
15 


Volts 
Volts 


Emitter-Base Voltage 


v EBO 


2N869 
2N995 


5 
4 


Volts 
Volts 


Total Device Dissipation 
at 25°C Case Temperature 
at 100°C Case Temperature 
(Derate 6.86 mW/°C above 25°C) 


P D 


Both 
Types 


1.2 
0.68 


Watts 
Watt 


Total Device Dissipation 
at 25°C Ambient Temperature 
(Derate 2.06 mW/°C above 25°C) 


P D 


Both 
Types 


0.36 


Watt 


Storage Temperature 


T stg 


Both 
Types 


-65 to +200 


°C 


Junction Temperature 


T i 


Both 
Types 


+200 


°C 
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— • Switching and General Purpose Transistors 

2N869, 2N995 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


bymbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 /xAdc, I E = 0) 2N869 
2N995 


BV CBO 


25 
20 






Volts 


Collector-Emitter Sustaining Voltage * 
(IC = 10 mAdc, I B = 0) 2N869 
2N995 


V CEO (sust)* 


18 
15 








Volts 


Emitter-Base Breakdown Voltage 
(I E = 10 M Adc, I C = 0) 2N869 
2N995 


BV EBO 


5 
4 


... 


... 


Volts 


Collector Cutoff Current 
(V CB = -15 Vdc, I E ^ 0) 2N869 
2N995 

(V CB = -15 Vdc, I E = 0, T A = 150°C) Both Types 


^BO 


— 


— 


010 
.005 

25 


H Adc 


Emitter Current 
(V EB = 4.0 Vdc, Ic = 0) 2N995 


! EBO 


— 


— 


10 


/i Adc 


Collector Saturation Voltage 
(IC = 10 mAdc, I B =1.0 mAdc) 2N869 
(IC = 20 mAdc, I B =2.0 mAdc) 2N995 


V CE (sat) 


... 


0. 17 


1.0 
0.2 


Volt 


Base Saturation Voltage 
(I c = 10 mAdc, I B =1.0 mAdc) 2N869 
(I C = 20 mAdc, I B =2.0 mAdc) 2N995 


V BE (sat) 


— 


0.78 


1.0 
0.95 


Volt 


DC Forward-Current Transfer Ratio * 
(IC = 10 mAdc, V CE = -5.0 Vdc) 2N869 
(I C = 1.0 mAdc, V CE = -1.0 Vdc) 2N995 
<I C = 20 mAdc, V CE = -1.0 Vdc) 2N995 
(I C = 50 mAdc, V C£ = -1.0 Vdc) 2N995 


h FE* 


20 
25 
35 
25 


... 


120 
140 




Open-Circuit Output Capacitance 
(V CB = -10 V, I E = 0) 2N869 
2N995 


C ob 




3 
3 


9 
10 


Pf 


Open-Circuit Input Capacitance 
(V Efi = -0.5 V, Ic = 0) Both Types 


Cib 




7 


ii 




Small-Signal Forward- Current 

Transfer Ratio 
( I c = 10 mA, V C E = "15 V, f = 100 Mc) 2N869 
(I c = 10 mA, V CE = -10 V, f = 100 Mc) 2N995 


h fe 


1.0 
1.0 


3.0 
3.0 







*Pulse Note: Pulse Width = 300 H sec, Duty Cycle = 1% 
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Switching and General Purpose Transistors 



2N9 1 4 (SILICON) Vce o - 1 5 V 

f T = 500 Mc 




NPN silicon annular transistor for high- speed switch- 
ing applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


v 

CEO 


15 


Vdc 


Collector -Emitter Voltage 
(R BE " 10 ohms) 


V 

V CER 


20 


Vdc 


Collector -Base Voltage 


V CB 


40 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current* 


I * 
C 


150* 


mAdc 


Total Device Dissipation @ T A = 25°C 


P D 


0.36 


Watt 


Derate above 25°C 


2.06 


mW/°C 


Total Device Dissipation @ T c = 25°C 


P D 


1.2 


Watts 


Derate above 25°C 


6.9 


mW/°C 


Total Device Dissipation @ T c = 100°C 


P D 


0.68 


Watt 


Operating Junction Temperature Range 


T J 


200 


°C 


Storage Temperature Range 


T . 
stg 


-65 to +200 


°C 



*Limited by Power Dissipation 
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Switching and General Purpose Transistors 

2N914 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° unless otherwise specified.) 



Characteristic 


Symbol 


Min 


A/lax 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
(I c = 30 mAdc, I B = 0) 


BV CEO(sus)* 


15 




Vdc 


Collector -Emitter Sustaining Voltage* 
(I c = 30 mAdc, R BE < 10 ohms) 


BV CER(sus)* 


20 


- 


Vdc 


Collector -Base Breakdown Voltage 
(I c = 1 Mdc, I E = 0) 


BV CBO 


40 




Vdc 


Emitter -Base Breakdown Voltage 
(I E = lOMdc, I c = 0) 


BV EBO 


5.0 




Vdc 


Collector Cutoff Current 

(V CE = 20 Vdc, V EB(off) = 0.25 Vdc, T A = 125°C) 


^EX 




10 


/yAdc 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 

(V CB = 20 Vdc, I E = 0, T A = 150°C) 


3 CBO 




0.025 
15 


/yAdc 


Emitter Cutoff Current 
(V BE = 4Vdc, I c = 0) 


'eBO 




0.1 


fiAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I c = 10 mAdc, V CE = 1 Vdc) 

(I c = 10 mAdc, V CE = 1 Vdc, T A = -55°C) 

(I c = 500 mAdc, V CE = 5 Vdc) 


h * 
FE 


30 
12 
10 


120 




Collector -Emitter Saturation Voltage 
(I c = 200 mAdc, I B = 20 mAdc)- 

(I c = 10 I B = 1 mAdc thru 20 mAdc, = -55 to +125°C) 


V CE(sat) 




0.70 
0.25. 


Vdc 


Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V BE(sat) 


0.70 


0.80 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz). 


f T 


300 




MHz 


Output Capacitance 

(V CB = 10 Vdc, I £ = 0) 


C ob 




6.0 


pF 


Input Capacitance 

(V BE = 0.5 Vdc, I c = 0) 


C ib 




9.0 


pF 


Charge Storage Time Constant** 
(I c = I B1 = I B2 = 20 mAdc) 


V* 




20 


ns 


Turn-On Time ** 

(I c = 200 mAdc, I B1 = 40 mAdc, I B2 = 20 mAdc) 


t ** 
on 




40 


ns 


Turn-Off Time** 

(I c = 200 mAdc, I gl = 40 mAdc, I B2 = 20 mAdc) 


f ** 
off 




40 


ns 



*Pulse Test: Pulse Width = 300 //s, Duty Cycle < 1% 
**Measured on Sampling Scope: Pulse Width > 200 ns 
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Switching and General Purpose Transistors 



2N915 (SILICON) 



I 



Vceo = 50 V 
h FE = 50 
f T = 400 Mc Typ 



CASE 22 

(TO-18) 




NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Collector-Base Voltage 


v 

CBO 


70 


Vdc 


Collector-Emitter Voltage 


v 

v CEO 


50 


Vdc 


Emitter- Base Voltage 


v 

EBO 


5 


Vdc 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25° C 


P D 


1.2 

6. 9 


W 

mW/°C 


Total Device Dissipation 

@ 25°C Ambient Temperature 
Derating Factor Above 25° C 


P D 


. 36 
2. 06 


W 
mW/°C 


Junction Temperature, 
Operating 


T J 


+200 


°c 


Storage Temperature Range 


T 

stg 


-65 to + 200 


°c 
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Switching and General Purpose Transistors 

2N915 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
! E = 0 V CB = 60V 


X CBO 




10 


nA 


Collector Cutoff Current @ 150°C 
*E = 0 V CB = 60V 


^BO 




30 


M A 


Collector Breakdown Voltage 
I c = 100 (i A I E = 0 


BV CBO 


70 




Volts 


Collector to Emitter Sustaining Voltage 
I c = 10mA I B = 0 


*v 

v CEO 


50 




Volts 


Emitter Breakdown Voltage 
Iq = 0 I E = 100 fiA 


BV EBO 


5. 0 




Volts 


Base Saturation Voltage 
I c = 10mA Ig = 1. 0mA 


V BE(sat) 




0. 9 


Volts 


Collector Saturation Voltage 
I c = 10mA I B = 1.0mA 


V CE(sat) 




1. o 


Volts 


DC Pulse Current Gain 
I c = 10mA V CE = 5. GV 


h FE 


50 


.200 




Output Capacitance 
! E * 0 V CB " 10V 


c . 

ob 




3. 5 


Pf 


Emitter Transition Capacitance 
l C -° V EB = °- 5V 


C TE 




10 




High Frequency Current Gain f = lOOmc 
I c = 10mA V CE = 15V 


h, 

fe 


2. 5 






Small Signal Current Gain f = lkc 
I c = 1.0mA V CE = 5.0V 

I c = 5. 0mA V CE = 5. 0V 


li- 
fe 


40 
50 


200 
250 




Input Resistance f = lkc 
I c = 1.0mA V CE = 5.0V 

I c = 5.0mA V CE = 5.0V 


h. 

le 




6000 
2000 


ohms 
ohms 


Output Conductance f = lkc 
I c = 1. 0mA V CE = 5. 0V 

I c - 5. 0mA V CE = 5. 0V 


h oe 




75 
125 


/i mho 
/imho 



*pw = 300 [i s 
duty cycle < 1% 
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Switching and General Purpose Transisiors 



2N9 16 (SILICON) 



Collector connected to case 



Vceo = 25 V 
h FE = 50 
f T = 400 Mc Typ 



CASE 22 

(TO- 18) 

MAXIMUM RATINGS 



NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 



Characteristic 


Symbol 


Max 


Unit 


Collector -Base Voltage 


v 

V CBO 


45 


Vdc 


Collector -Emitter Voltage 


V CEO 


25 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25 °C 


P D 


1.2 

6. 9 


W 

mW/°C 


Total Device Dissipation 

@ 25 a C Ambient Temperature 
Derating Factor Above 25°C 


P D 


.36 
2.06 


W 
mW/°C 


Junction Temperature, Operating 


T J 


+200 


°C 


Storage Temperature Range 


T . 
stg 


-65 to +300 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
*E = 0 V CB = 30V 


X CBO 




10 


nA 


Collector Cutoff Current @150° C 
h=° V CB = 30V 


'cBO 




10 


fiA 


Collector Breakdown Voltage 

i c = io M A i e = o 


BV CBO 


45 




Volts 


Collector to Emitter Sustaining Voltage 
I c = 30mA I B = 0 


*v 

CEO 


25 




Volts 


Emitter Breakdown Voltage 
I c = 0 I E = 10 jiA 


BV EBO 


5.0 




Volts 


Base Saturation Voltage 
I c = 10mA I B = 1.0mA 


V BE(sat) 




0. 9 


Volts 


Collector Saturation Voltage 
I c = 10mA I B = 1.0mA 


V CE(sat) 




0.5 


Volts 


DC Pulse Current Gain 
I c = 10mA V CE = 1.0V 


* h FE 


50 


200 




Output Capacitance 

Ie = 0 V cb = 5.0V 


C ob 




6.0 


Pf 


Emitter Transition Capacitance 
>C ■ 0 V EB " °- 5V 


C TE 




10 


Pf 


High Frequency Current Gain f = lOOmc 
I c = 10mA V CE = 15V 


h fe 


3.0 






Small Signal Current Gain f = lkc 
I c = 1.0mA V CE = 5.0V 

I c = 5.0mA V CE = 5.0V 




40 
50 


200 
250 




Input Resistance f = lkc 
I c = 1.0mA V C£ = 5.0V 

I c = 5.0mA V CE = 5.0V 


h ie 




6000 
2000 


ohms 
ohms 


Output Conductance f = 1 kc 
I c = 1.0mA V CE = 5.0V 

I c = 5.0mA V CE = 5.0V 


h oe 




75 
125 


/jimho 
jumho 



*pw = 300 jis duty cycle < 1% 
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Switching and General Purpose Transistors 



Vceo = 45 V 

NF = 3-4 db @ lOcpsto 15.7 Kc 




NPN silicon annular transistors for low- level, low- 
noise amplifier applications. 



CASE 22 

(TO-18) 
Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

CEO 


45 


Vdc 


Emitter- Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current 


: c 


.030 


Adc 


Total Device Dissipation 
@ T A - 25°C 


P D 


0.3 


Watt 


Derating Factor above 25 °C 




2.0 


mW/°C 


Total Device Dissipation 
@ T c = 25 °C 


P D 


0.6 


Watt 


Derating Factor above 25 °C 




4.0 


mW/°C 


Junction Temperature, Op. 


T J 


175 


°c 


Storage Temperature Range 


T 

stg 


-65 to +300 


°c 



2n929 (SILICON) 

2n930 
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Switching and General Purpose Transistors 

2N929, 2N930 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector- Emitter Breakdown Voltage* 
I c = 10 mA, I B = 0 


BV CEO 


45 




V 


Emitter-Base Breakdown Voltage 
I E = 10 nA, I c = 0 


BV EBO 








Collector— B3.se Cutoff Current 
V CB= 45V ' 'e^ 0 


^BO 




010 




V CE= 45V . V EB=° 

V CE = 45V ' V EB=°' T A =170°C 


! CES 




.010 
10 


ii A 


Collector- Emitter Cutoff Current 
V CE= 5V 'V° 


X CEO 




.002 


M 


Emitter- Base Cutoff Current 
V p = 5 V, I p = 0 


I EBO 




.010 


HA 


DC Forward Current Transfer Ratio 
I = 10 iiAf V p „ = 5 V 2N929 

U ^ 2N930 
I = 10 iiA, V r = 5 V, T. = -55°C 2N929 

C 2N930 

^ Cii 2N930 
I r = 10 mA, V r „ = 5 V* 2N929 
^ ^ 2N930 


h FE 


40 
100 
10 
20 
60 
150 


120 
300 

350 
600 


— 


Collector- Emitter Saturation Voltage* 
I c = 10 mA, I B = ,5 mA 


V CE(sat) 




1.0 


V 


Base- Emitter Voltage* 
I c = 10 mA, I B = . 5 mA 


V BE 


0. 6 


1.0 


V 


Output Capacitance 
V CB = 5 V, I E = 0, f = 1 mc 


C ob 




8.0 


pf 


High- Frequency Current Gain 
I c = 500 fiA, V ce = 5 V, f = 30 mc 


h te 


1.0 




— 


Small- Signal Current Gain 
Ip = 1.0 mA, V = 5 V, f = 1 kc 2N929 
U ^ 2N930 


h. 
fe 


60 
150 


350 
600 


— 


Input Resistance 
I c = 1.0 mA, V CB .= 5 V, f = 1 kc 


h. u 
lb 


25 


32 


ohms 


Output Conductance 
I c = 1.0 mA, V CB = 5 V, f = 1 kc 


h oh 

OD 




1.0 


fimho 


Voltage Feedback Ratio 
I c = 1.0 mA, V CB = 5 V, f - 1 kc 


h u 
rb 




600 


xio" 6 


Noise Figure 
IC = 10 jitA, V CE = 5 V, f = 10 cps to 

15. 7 kc, R = 10 KQ 2N929 

2N930 


NF 




4.0 
3.0 


db 



* Pulse Conditions: Width < 300 /isec 
Duty Cycle < 2% 
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2n956 



- Switching and General Purpose Transistors • 

For Specifications, See 2N718A Data Sheet 



2N960 (GERMANIUM) 
2N961 

2n962 

2N962 USA/JAN 
2N964 

2N964 USA/JAN 
2N965 
2N966 




CASE 22 

(TO-18) 



V CE = 12-15 V 
l c = 100 mA 
f T = 460 Mc 



PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N960 
2N964 


2N961 
2N965 


2N962 
2N966 


Unit 


Collector -Emitter Voltage 


v 

V CE 


15 


12 


12 


Vdc 


Collector -Base Voltage 


v 

V CB 


15 


12 


12 


Vdc 


Emitter -Base Voltage 


v 

EB 


2.5 


2.0 


1.25 


Vdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25 C 


P D 


150 
2 


mW 

mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 
4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to + 100 


°C 



NORMALIZED D C CURRENT TRANSFER RATIO 
versus COLLECTOR CURRENT 



« 15 

£ 1-2 



5 °- 8 

§{ 0.6 



i 0.2 
•^0.15 









1 

85°C 
























4 














































•+25°C 
















































































55 


°C 




















T 


Y 


- 
































V CE = 


1 V 


dc 































































1 2 5 10 20 50 100 

l c , COLLECTOR CURRENT (mAdc) 



CURRENT GAIN-BANDWIDTH PRODUCT (fx) 
versus COLLECTOR CURRENT 




5 10 20 50 100 

l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N960 SERIES (continued) 

STORAGE TIME versus CIRCUIT RATIO 



COLLECTOR-EMITTER SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 





l c /l,„ CIRCUIT CURRENT RATIO 



-75 -50 -25 0 +25 +50 +75 +100 
T A , AMBIENT TEMPERATURE (°C) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


AAin 


Tvd 


Max 


Unit 


Collector -Base Breakdown Voltage 
(I c = 100 juAdc, I E = 0) 


2N960, 2N964 
2N961, 2N962, 2N965, 


2N966 


BV CBO 


15 
12 


25 
20 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 /iAdc, I c = 0) 


2N960,2N964 
2N961,2N965 
2N962, 2N966 




EBO 


2.5 
2.0 
1. 25 


- 


- 


Vdc 


Collector -Latch-up Voltage 
V cc = ll.SVdc 


All Types 




LV CEX 


11. 5 






Vdc 


Collector -Emitter Cutoff Current 
(V CE = 15 Vdc) 


2N960,2N964 




r CES 






100 


jiAdc 


(V = 12 Vdc) 


2N961 2N962 2N965 


2N966 




- 


- 


100 




Collector -Base Cutoff Current 
(V CB = 6 Vdc, I E = 0) 


All Types 




r CBO 




0.4 


3 


juAdc 


DC Current Gain 

(I c = 10 mAdc, V CE = 0. 3 Vdc) 


2N960,2N961,2N962 
2N964,2N965,2N966 




h FE 


20 
40 


40 
70 






(I c = 50 mAdc, V CE = 1 Vdc) 


2N960,2N961,2N962 
2N964,2N965,2N966 






20 
40 


55 
90 






(I~ = 100 mAdc, V~„ = 1 Vdc) 


2N960,2N961,2N962 
2N964,2N965,2N966 






20 
40 


50 
85 






Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


2N964, 2N965, 2N966 
2N960,2N961,2N962 




V CE(sat) 




0.11 
0. 13 


0.18 
0. 20 


Vdc 


(I c = 50 mAdc, I = 5 mAdc) 


2N964,2N965,2N966 
2N960,2N961,2N962 








0.18 
0. 20 


0.35 
0. 40 




(I 0 = 100 mAdc, I_ = 10 mAdc) 


2N964,2N965,2N966 
2N960,2N961,2N962 








0. 27 
0.30 


0. 60 
0.70 




Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I fi = 1 mAdc) 


All Types 




V BE(sat) 


0.30 


0. 40 


0.50 


Vdc 


(I c = 50 mAdc, Ig = 5 mAdc) 


All Types 






0. 40 


0. 55 


0. 75 




(I c = 100 mAdc, I = 10 mAdc) 


2N960,2N961,2N964, 
2N962,2N966 


2N965 




0. 40 
0. 40 


0. 65 
0. 75 


1.00 
1.25 




Current- Gain - Bandwidth Product 
(I E = 20 mAdc, V CB =1.0 Vdc, f = 


All Types 
100 MHz) 




f T 


300 


460 




MHz 



8-49 



Switching and General Purpose Transistors 

2N960 SERIES (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) All Types 


C ob 




2.2 


4 


pF 


Emitter Transition Capacitance 

(V EB = 1 Vdc) All Types 


Te 


- 


2.0 


3.5 


pF 


Turn-On Time All Types 
(I c = 10 mAdc, I m = 5 mAdc, Vg E(a£f) = 1.25 Vdc) 




t 

on 




35 


50 


ns 


(I c = 100 mAdc, I B1 = 5 mAdc, V BE j off j = 1. 25 Vdc) 






_ 


30 


50 




Turn-Off Time 

(I c = 10 mAdc, I B1 = 1 mAdc, I B2 = 0. 25 mAdc) 




'off 








ns 


2N960,2N961,2N964 3 
2N962, 2N966 


2N965 




- 


60 
80 


85 
100 




(I c = 100 mAdc, I B1 = 5 mAdc, I B2 = 1. 25 mAdc) 














2N960,2N961,2N964, 
2N962,2N966 


2N965 






50 
60 


85 
100 




Rise Time Constant All Types 


"^RE 




0.6 




ns 


Hole Storage Factor All Types 


K 's 




16 




ns 


Fall Time Constant All Types 


T FE 




0.5 




ns 


Total Control Charge 

(I r = 10 mAdc, I = 1 mAdc) 2N960, 2N961, 2N964, 

2N962,2N966 


2N965 






50 
60 


80 
90 


PC 


(I p = 100 mAdc, I = 5 mAdc) 2N960, 2N961, 2N964, 

2N962,2N966 


2N965 






80 
100 


125 
150 





2n963 (GERMANIUM) 
2N967 

PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


v 


12 


Vdc 


Collector -Base Voltage 


v 

V CB 


12 


Vdc 


Total Device Dissipation = 25 Q C 
Derate above 25°C 


P D 


150 
2 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 
4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T , T . 
J' stg 


100 


°C 



8-50 



V CES =12V 
lc = 100mA 
f T = 300 MHz 



CASE 22 

(TO-18) 




Switching and General Purpose Transistors 

2N963, 2N967 (continued) 



ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



LnaracTensTic 


symbol 


Min 


Max 


Unit 


Collector -Base Breakdown Voltage 

(I n = 100 /iAdc, I = 0) 
C 7 E 


BV CBO 


12 




Vdc 


Emitter -Base Breakdown Voltage 

(I„ = 100 /iAdc, I n = 0) 
1 E C 


BV EBO 


2 




Vdc 


Collector -Latch-up Voltage 

(V nn = 10 Vdc) 
cc 


LV CEX 


10 




Vdc 


Collector Cutoff Current 

(V r „ = 12 Vdc, V n „ = 0) 
CE ' BE 


X CES 




100 


/iAdc 


Collector Cutoff Current 

(V CE = 10 Vdc, V BE = 0.3 Vdc, T A = 55°C) 


X CEX 




20 


/iAdc 


Collector Cutoff Current 

(v CB = evdc, -^- o) 


^BO 




5 


/iAdc 


Emitter Cutoff Current 
(V BE = 5 Vdc, I c = 0) 


*EBO 




1 


mAdc 


Base Cutoff Current 

(V CE = 10 Vdc, V BE =0.3 Vdc, T A = 55°C) 


! BL 




20 


/iAdc 


DC Current Gain 

(I n = 10 mAdc, V n „ =0.3 Vdc) 2N963 

2N967 


h FE 


20 
40 




- 


Collector Saturation Voltage 

(I„ = 10 mAdc, ^ = 1 mAdc 
C ' B 


V CE(sat) 




0. 2 


Vdc 


Base -Emitter Saturation Voltage 

{l n = 10 mAdc, I„ = 1 mAdc) 
C ' B ' 


V BE(sat) 


0.3 


0. 5 


Vdc 


Current-Gain — Bandwidth Product 

OU = 20 mAdc, V^ = 1 Vdc, f = 100 MHz) 
C CE 


f T 


300 




MHz 


Output Capacitance 

(V pn = 5 Vdc, 1= 0, f = 1 MHz) 


C ob 




5 


pF 


Input Capacitance 

(V EB = 1 Vdc, I c = 0, f = 100 kHz) 


C ib 




4 


pF 


Turn-On Time 

(I c = 10 mAdc, I m = 1 mAdc, V BE(o{f) = 1.25 Vdc) 


t 

on 




60 


ns 


Turn -Off Time 

(I c = 10 mAdc, I m = 1 mAdc, I B2 = 1.25 mAdc) 


fc off 




120 


ns 


Total Control Charge 

(I c = 10 mAdc, I Q = 1 mAdc) 


Q T 




120 


pC 
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Switching and General Purpose Transistors 

2N963, 2N967 (continued) 



_ COLLECTOR-EMITTER SATURATION VOLTAGE 
S versus BASE CURRENT 



VOLTAGE versus TEMPERATURE CHARACTERISTICS 




0.1 0.2 0.3 0.4 0.6 .0.81.0 2 3 4 5 6 
l„ BASE CURRENT (mAdc) 




-75 —50 —25 0 25 50 
T A| AMBIENT TEMPERATURE (°C) 



COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 



10-mA (l c ) SWITCHING TIME TEST CIRCUIT 



500 U 

o — — 




200 n 

PULSE VOLTS 
-5.4 Vdc INTERNAL RESISTANCE 



TYPE R SAMPLING 
RESISTOR 
280 n 20 u -3.1 Vdc 



NOTE: 

l c = -10 mAdc 
l„ = -1 m 
l„ = +0.25 mAdc 
V. E (0)= +1.25 Vdc 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 
■OR EQUIVALENT 



BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 



'Adjust V„ for -5.4 volt pulse at point A 




10-mA (lc) TOTAL CONTROL CHARGE TEST CIRCUIT 

-lOVdc 



+0.3Vdc 

-0.18Vdc o— w — f — 




NORMALIZED DC CURRENT TRANSFER RATIO 
versus COLLECTOR CURRENT 



CURRENT GAIN-BANDWIDTH PRODUCT (f T ) 
versus COLLECTOR CURRENT 



r-« n°r. 



I c , COLLECTOR CURRENT (mAdc) 



I I | 

V c ,= 1 Vdc 



Vc= 0.5 Vdc 



2 5 10 20 50 

l c , COLLECTOR CURRENT (mAdc) 
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Switching and Genera/ Purpose Transistors 



2N964 (GERMANIUM) 

For Specifications, See 2N960 Data Sheet 



2N 



964A 



(GERMANIUM) 




V CEO = 7V 
l c = 100 mA 
f T = 460 Mc Typ 



PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 



Collector connected to case 



CASE 22 

(TO-18) 

MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


V CE 


15 


Vdc 


Collector-Base Voltage 


V CB 


15 


Vdc 


Emitter -Base Voltage 


V EB 


2.5 


Vdc 


Collector Current 


l C 


100 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25 C 


P D 


150 
2 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 
4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T 
J' stg 


-65 to +100 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 


9 JC 


0.25 


°C/mW 


Thermal Resistance, Case to Ambient 


"CA 


0.5 


°C/mW 



FIGURE 1 



FIGURE 2 




INPUT SIGNAL 
f 1.25 Vdc 

200 n 

1 1 PULSE VOLTS 

-5.4 Vdc INTERNAL RESISTANCE 



280 U 2012 -3.1 Vdc 



TYPE R SAMPLING 
RESISTOR 

NOTE: 

l t = -10 mAdc 

l„ = —1 mAdc 

I,, = +0.25 mAdc 

V 0 ,= 4- 1.25 Vdc 

USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 




PULSE VOLTS 
INTERNAL RESISTANCE 



5.2 Vdc 



TYPE R SAMPLING 
RESISTOR 

NOTE: 

l c = -100 mAdc 
I,, = —5 mAdc 
l„ = 4-1.25 mAdc 
V 0 . = 4-1.25 Vdc 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 



10-mA (l c ) SWITCHING TIME TEST CIRCUIT 



100-mA H c ) SWITCHING TIME TEST CIRCUIT 
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Switching and General Purpose Transistors 



2N964A (continued) 

ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



Characteristic 


Fig. 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 




BV CEO 


7 


- 


- 


Vdc 


Collector-Base Breakdown Voltage 
a c - = 100 /iAdc, I E = 0) 




BV CBO 


15 


25 


- 


Vdc 


Emitter-Base Breakdown Voltage 
a E = 100 Mdc, I c = 0) 




BV EBO 


2.5 






Vdc 


Collector Latch-up Voltage 


3 


LV CEX 


11.5 






Vdc 


Collector-Emitter Cutoff Current 
(V CE =15Vdc, V BE =0) 




! CES 






100 


pAdc 


Collector Cutoff Current 
W CB =GVdc, l E -0) 




^BO 




0.4 


3 


pAdc 


Base Leakage Current 

^ V CE = 6Vdc ' V BE(off) = °- 5Vdc) 

< V CE = 6 VdC > V BE(off) = °' 5 Vdc > T J = 85 ° C > 


4 


*BL 




50 


4 
140 


^Adc 


ON CHARACTERISTICS 


DC Current Gain 

(l c = 10 mAdc, V CE = 0. 3 Vdc) 

(I c = 10 mAdc, V CE = 0. 3 Vdc, Tj = -55°C) 

a c = 50 mAdc, V CE = 1 Vdc) 

a c = 100 mAdc, V CE = 1 Vdc) 

(I c = 100 mAdc, V CE = 1 Vdc, Tj = 85°C) 


8 


h FE 


40 
20 
48 
40 
35 


80 
45 
105 
95 
85 






Collector Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 

(I c = 50 mAdc, Ig = 5 mAdc) 

(L Q = 100 mAdc, I B = 10 mAdc) 


5 


V CE(sat) 




0. 1 
0.16 
0. 22 


0. 18 
0.28 
0.4 


Vdc 


Base-Emitter Saturation Voltage 
(l c = 10 mAdc, I B = 1 mAdc) 
0 C = 50 mAdc, Ig = 5 mAdc) 
fl c = 100 mAdc, Ig = 10 mAdc) 


6 


V BE(sat) 


0.3 
0.4 
0.4 


0.38 
0. 48 
0.6 


0.44 
0.58 
0. 72 


Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

(I E = 20 mAdc, V CB = 1 Vdc, f = 100 MHz) 




£ T 


300 


460 




MHz 


High- Frequency Current Gain 

(I c = 20 mAdc, V CE = 1 Vdc,f = 100 MHz) 




h fe 


3.0 


4.6 






Output Capacitance 

(V CB = 1 Vdc, I E = 0, f = 1 MHz) 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 


11 


C ob 




2.7 
2.2 


5 
4 


pF 


Input Capacitance 

(V BE = 1 Vdc, I c = 0, f = 100 kHz) 


11 


C ib 




2 


3.5 


PF 


Delay Time Plus Rise Time 
d c = 10 mAdc) 

d c = 100 mAdc) 


1 
2 


4 d +t r 




35 
30 


50 
50 


ns 


Storage Time Plus Fall Time 
(I c = 10 mAdc) 

(I c = 100 mAdc) 


1 
2 






60 
50 


85 
85 


ns 


Active Region Time Constant 
(I c = 10 mAdc) 


9 


T A 




0.6 


1.5 


ns 


Total Control Charge 

(I c = 10 mAdc, I B = 1 mAdc) 


10 


Q T 




50 


75 


PC 
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Switching and General Purpose Transistors 



2N964A (continued) 



2N964A LIMIT CURVES 



FIGURE 3— AREA OF PERMISSIBLE LOAD LOCI 



TEKTRONIX 541 
OR EQUIVALENT 




Latch-up Free Operating Area. Latch-up is the failure of the col- 
lector potential to return to the supply voltage upon turn-off. 
The curve shows the permissible operating area to avoid latch-up. 
Load excursions must not pass through the shaded area. Excui 
sions into the shaded area will not necessarily harm the transis- 
tor, but may produce the reduction in output voltage noted above 
and cause high power dissipation. 



5 10 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 4— COMMON EMITTER DC LEAKAGE CHARACTERISTICS 





0 0.5 1.0 1.5 

V 0B , BASE-EMITTER REVERSE BIAS (VOLTS) 



BASE LEAKAGE CURRENT TEST CIRCUIT 



Base Leakage Current. I IM is defined as base leakage 
current with both junctions reverse biased. I e is 
always less than I m , for V OI{ > V T . (V () „ is off condi- 
tion base bias, V T is base voltage at threshold of 
conduction.) 



note: Limit Curves are based on periodic engineering evaluation, 
indicated in the Electrical Characteristics Table. 



Production Tests are made at points 
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Switching and General Purpose Transistors 



2N964A (continued) 



2N964A LIMIT CURVES 



FIGURE 5 — COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT 
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0.2 0.3 0.5 



1.0 2 3 5 

l„ BASE CURRENT (mAdc) 



FIGURE 6 -BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 



FIGURE 7— TEMPERATURE CO EFFICIENTS 




1.0 

I 0.5 

I 0 

o 

« -0.5 

=3 

£ -10 
^ -1.5 
-2.0 




2 5 10 20 50 100 

| c , COLLECTOR CURRENT (mAdc) 



20 40 60 80 

I CI COLLECTOR CURRENT (mAdc) 



FIGURE 8— CURRENT GAIN CHARACTERISTICS 
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:nt GAI 


40 
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INIMUM 
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- L = 85°C 


































- Tj = 25°C 

- L = 0°C 


































_Jj = -55°C 

















5 10 20 50 1 

l Cl COLLECTOR CURRENT (mAdc) 

note: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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Switching and General Purpose Transistors 

2N964A (continued) 



2N964A LIMIT CURVES 

FIGURE 9-SWITCHING TIME CURVES FOR RESISTOR COUPLED CIRCUITS 



9a -RISE TIME FACTOR 



9b— ACTIVE REGION TIME CONSTANT 
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9c- FALL TIME FACTOR 




9d— STORAGE TIME 
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l c , COLLECTOR CURRENT (mAdc) 

ACTIVE REGION TIME CONSTANT TEST CIRCUIT 

V ct = -6V C 




SWITCHING TIME EQUATIONS 



RISE-TIME = t r =Ta/3 f R 
FALL-TIME = t, = Ta/3 c F 
STORAGE TIME = t' s =T C *S 
t r = 10 to 90% rise-time 
t, = 10 to 90% fall-time 
t, = t' s +Va t, 

Ten — the effective collector recov- 
ery time and is virtually un- 
influenced by current levels. 
20 nsec typical and 60 nsec 
maximum for this transistor. 



Ta = active region time constant 
T A =T re =»Tfe (Figure 9b) 
ji 0 = h FE at edge of saturation 

(/So «=> hp £ on Figure 8) 
fit. = l c in saturation/l BI (base "on" 

current) 

/3 C = lc in saturation/l B2 (base "off" 

current) 
R see Figure 9a 
F see Figure 9c 
S see Figure 9d 




0.1 0.2 0.5 1.0 2 5 10 20 

l„/l.„ CIRCUIT DRIVE RATIO 

note: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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— — Switching and General Purpose Transistors 
2N964A (continued) 



2N964A LIMIT CURVES 



FIGURE 10-TOTAL CONTROL CHARGE 



1000 




20 I 1 1 I 'l l — I 1 1 1 — ' Mil l 

0.2 0.5 0.7 1.0 2.0 5.0 7.0 10 

l„ BASE CURRENT (mAdc) 

10a 



•Adjust V„ for -5.4 volt pulse at point A 
15 pf 




-H * 20 mv 
10 nsec MAX 
MAX 



10b 



Total Control Charge. When a transistor is held in a conduc- 
tive state by a current, I in , a charge Q 8 is developed in the 
active region. A charge Q T of opposite polarity, equal in 
magnitude, can be stored on an external capacitor C to 
neutralize the internal charge and considerably reduce the 
turn-off time of the transistor. Figure 10b shows the test 
circuit and turn-off waveform. Given Q T from Figure 10a, 
the external C for worst case turn-off in any circuit is: 
C = Q T /AV, where A V is defined in Figure 10b. 



FIGURE 11— JUNCTION CAPACITANCE VARIATIONS 



10 











TYPICAL 
. LIMIT 
















c ob 










c ob 

















0 2 4 6 8 10 

REVERSE BIAS (VOLTS) 

note: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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Switching and General Purpose Transistors - 

2N965 (GERMANIUM) 
2N966 

For Specifications, See 2N960 Data Sheet 



2N967 (GERMANIUM) 

For Specifications, See 2N9 63 Data Sheet 



2N968 thru 2N975 (GERMANIUM) V CES = 7-1 5 V 

l c = 1 00 mA 
f T = 320 MHz 



CASE 22 




PNP germanium mesa transistors for high-speed 
switching applications. 



(TO-18) 
Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N968 
2N972 


2N969 
2N973 


2N970 
2N974 


2N971 
2N975 


Unit 


Collector -Emitter Voltage 


v 

V CE 


15 


12 


12 


7 


Vdc 


Collector-Base Voltage 


V CB 


15 


12 


12 


7 


Vdc 


Emitter -Base Voltage 


v 

EB 


2. 5 


2.0 


1.25 


1.25 


Vdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25 C 


P D 


150 
2 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 
4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T 
Vstg 


-65 to +100 


°C 
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Switching and General Purpose Transistors 

2N968 thru 2N975 (continued) 



NORMALIZED O.C. CURRENT GAIN 
versus COLLECTOR CURRENT 




0.1 0.2 0.5 1.0 2.0 5 10 20 50 100 
l c , COLLECTOR CURRENT (mAdc) 



COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE 

£ 0.3 r 



lc = 25 mAdc_ 



~ I c /I, = 10 - 

_L_L 



-75 -50 -25 0 +25 +50 +75 +100 
T AI AMBIENT TEMPERATURE (°C) 



CURRENT GAIN-BANDWIDTH PRODUCT (fr) 
versus COLLECTOR CURRENT 













































V CE 

T A 


= 1 Vdc 
= 25°C 













10 



20 



30 



40 



l c , COLI ECTOR CURRENT (mAdc) 

STORAGE TIME- versus CIRCUIT CURRENT RATIO 





l c = 25 mAdc 








T A = 25°C 




= 10 mAdc 


In = 4 l„ 
R L = 100 n 
R, - 1 K n 









l c /l„, CIRCUIT CURRENT RATIO 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


A/lin 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage' 

(U = 100 ,iAdc, I„ = 0) 2N968,2N972 

2N969, 2N970, 2N973, 2N974 
2N971,2N975 


BV CBO 


15 
12 
7 


25 
20 
15 




Vdc 


Emitter-Base Breakdown Voltage 

0. = 100 MAdc, I p = 0) 2N968, 2N972 
^ 2N969,2N973 
2N970,2N974 
2N971/2N975 


BV EBO 


2.5 
2.0 
1.25 
1. 25 






Vdc 


Collector Cutoff Current 

(V CE = 15 Vdc, V BE = 0) 2N968,2N972 

(V CE = 12 Vdc, V BE = 0) 2N969, 2N970,^N973, 2N974 

(V CE = 7 Vdc, V BE = 0) 2N971 , 2N975 


^ES 






100 
100 
100 


pAdc 


Collector Cutoff Current 
W CB = 6 Vdc, I = 0) 

2N968,2N969,2N970, 
2N972,2N973,2N974 
2N971,2N975 


X CBO 






3 
3 
10 


^Adc 
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Switching and General Purpose Transistors 

2N968 thru 2N975 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


: Min 


Typ 


A/lax 


Unit 


ON CHARACTERISTICS 


DC Current Gain 

CU = 10 mAdc, V pF = 0. 5 Vdc) 2N968, 2N969, 2N970, 2N971 
U 2N972 , 2N973 , 2N974, 2N975 


h FE 


17 
40 


35 
75 






(U = 25 mAdc, V r „ = 0. 7 Vdc) 2N968, 2N969, 2N970, 2N971 
U 2N972,2N973,2N974, 2N975 




20 
40 


40 
85 






Collector-Emitter Saturation Voltage 


V CE(sat) 








Vdc 


(I c = 10 mAdc, I B = 1 mAdc) All Types 




0. 19 


0.25 


(I c = 25 mAdc, Ig = 1. 5 mAdc) All Types 






0.25 


0.5 




Base-Emitter Saturation Voltage 

CE r = 10 mAdc, I R = 1 mAdc) 2N968, 2N969, 2N972, 2N973 
U 2N970,2N971,2N974,2N975 


V BE(sat) 


0.30 
0.30 


0.39 
0.43 


0.55 
0.65 


Vdc 


CU = 25 mAdc, I R = 1. 5 mAdc) 2N968, 2N969, 2N972, 2N973 
2N970, 2N971, 2N974, 2N975 






0.45 
0.60 


0.80 
1.0 




DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

(E E = 10 mAdc, V CB = 1 Vdc, f = MHz)All Types 


f T 


250 


320 




MHz 


Collector Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) All Types 


C ob 




4.0 


9.0 


pF 


Emitter Transition Capacitance 

(V EB = 1 Vdc, I c = 0) All Types 


C Te 




3.5 




pF 


Turn-On Time 

^BEfoff) = X - 25 Vdc > l C = 10 l Bl = 1 ^ 

2N968, 2N969, 2N972, 2N973 
2N970, 2N971, 2N974, 2N975 


'cm 




50 
65 


75 
100 


ns 


Turn -Off Time 

(I c = 10 mAdc, I B1 = 1 mAdc, I B2 = 0. 25 mAdc) 


'off 








ns 


2N968,2N969 
2N972,2N973 

2N970, 2N971, 2N974, 2N975 






70 
75 
100 


150 
175 
275 




Total Control Charge 

OU = 10 mAdc, I„ = 1 mAdc) 2N968, 2N969, 2N972, 2N973 
U ° 2N970,2N971,2N974,2N975 


Or 




75 
80 


100 
150 


pC 


(Ip = 25 mAdc, l n = 1. 5 mAdc) 2N968,2N969,2N972,2N973 
^ a 2N970,2N971,2N974,2N975 






90 
175 


175 
300 
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Switching and General Purpose Transistors 



2N985 (GERMANIUM) Y CEO ~l V * 

l c = 200 mA 

f T = 300Mc 



CASE 22 

(TO- 18) 




PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Ratings 


Unit 


Collector-Base Voltage 


v CBO 


-15 


Vdc 


Collector- Emitter Voltage 


v CEO 


-7 


Vdc 


Emitter-Base Voltage 


V EBO 


-3 


Vdc 


Collector Current 


*C 


-200 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


T stg 


-65 to +100 


°C 


Device Dissipation 
@ T c = 25°C 
Derating factor above 25°C 


P D 


300 
4 


mW 
mW/°C 


Device Dissipation 
@ T A = 25°C 
Derating factor above 25°C 


P D 


150 
2 


mW 
mW/°C 



SWITCHING TIME TEST CIRCUIT 




INPUT PULSE 
t r ±£ 1 nsec 
t, ^ 1 nsec 

PW =^ 200 nsec 
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Switching and General Purpose Transistors 

2N985 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I C = -100 /iAdc, l£ = 0) 


BV CBO 


-15 


— 


Vdc 


Collector-Emitter Breakdown Voltage 

/▼ — C A A*% T C\\ 

\Lq - -d mAdc, Ig - v) 


BV CEO 


_7 




Vdc 


Collector-Emitter Breakdown Voltage 
(I c = -100 juAdc, R B£ = 0) 


BV CES 


-15 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = -100 jaAdc, I c = 0) 


BV EBO 


-3 




Vdc 


Collector Cutoff Current 
( V CB ~ " 5 Vdc > l E ~ u ' 


*CBO 




-3 


/lAdc 


Emitter Cutoff Current 

(" EB = -o VdC, Lq = U) 


^BO 




-100 


ju Adc 


DC Current Gain 
(IC = -10 mAdc, Vq£ - -u.zp vac; 

(I c - -100 mAdc, V C£ = -0.5 Vdc) 


h FE 


40 
60 


— 


— 


Collector Saturation Voltage 
(I c = -10 mAdc, I B = -0.5 mAdc) 

\Lq = -iuu mAuc, lg - -o mAacj 


V CE(sat) 


— 


-0.15 
-0.30 


Vdc 


Base- Emitter Voltage 
(I c = -10 mAdc, I B = 0.5 mAdc) 

(I c = -100 mAdc, I B = -5 mAdc) 


V BE 


-0.28 
-0.40 


-0.40 
-0.60 


Vdc 


Small Signal Current Gain 
(V CE =-2 Vdc, I c = -30 mAdc, f = 100 mc) 


l h fel 


3.0 






Collector Output Capacitance 
(V CB = -5 Vdc, I E = 0, f = 1 mc) 


C ob 




6 


pf 


Turn- on Time 
(I c = -10 mAdc, I B1 = -5 mAdc, V BE ^ Q) = +1.25 Vdc) 


ton 




35 


nsec 


Turn-off Time 
(I c = -10 mAdc, I B i = -5 mAdc, I B 2 = +1.25 mA) 






80 


nsec 



2N 995 (SILICON) 

For Specifications, See 2N869 Data Sheet 
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Switching and General Purpose Transistors 



2N1131 (SILICON) 
2N1131 USN/JAN 
2N1991 



V CE o = 20-35 V 
| c = 600 mA 
f T = 120 McTyp 



CASE 31 

(TO-5) 




PNP silicon annular transistors for medium -current 
switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 

2N1131 
2N1991 


v CBO 


50 
30 


Vdc 


Collector- Emitter Voltage 

2N1131 
2N1991 


v CEO 


35 
20 


Vdc 


Emitter- Base Voltage 

2N1131, 2N1991 


V EBO 


5 


Vdc 


Collector- Emitter Voltage 
(R be <clun) 

2N1131 


V CER 


50 


Vdc 


Collector Current 

2N1131 


*C 


600 


mAdc 


Total Device Dissipation 
@ 25°C Case Temperature Both Types 
Derating Factor Above 25°C 2N1131 
2N1991 


P D 


2 

13.3 
16.0 


Watts 

mW/°C 

mW/°C 


Total Device Dissipation 
@ 25°C Ambient Temperature Both Types 
Derating Factor Above 25°C 2N1131 
2N1991 


P D 


0.6 
4.0 
4.8 


Watt 

mW/°C 

mW/°C 


Junction Temperature 

2N1131 
2N1991 


T J 


+ 175 
+ 150 


°C 


Storage Temperature Range 

2N1131 
2N1991 


T stg 


-65 to +300 
-65 to +150 


°C 
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Switching and General Purpose Transistors 

2N1131, 2N1991 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Types 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, I E = 0) 
(Iq = 1.0 mA, Ig = 0) 


2N1131 
2N1991 


BV CBO 


50 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 /iAdc 1^ = 0) 




bvebo 






Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 100 mAdc pulse, IB = 0) 


2NU31 
2N1991 


BV CEO 


35 
20 


— 


Vdc 


Collector- Emitter Breakdown Voltage 
(I c = 100 mAdc pulsed, R be = 10 n ) 


2N1131 


BV CER 


50 




Vdc 


Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 


2N1131 


! CBO 




i 


u Adc 


(V CB = 30 Vdc, I £ = 0, T A = 150°C) 


2N1131 






100 




(V CB = 50 Vdc, I E = 0) 


2N1131 




- 


100 




(V CB = 10 Vdc, I E = 0) 


2N1991 






5 




(V CB = 10 Vdc, I E = 0, T A = 150°C) 


2N1991 




— 


200 




Emitter Cutoff Current 
(V EB = 2 Vdc, I c = 0) 
(V Efi = 1 Vdc, l£ ==0) 


2N1131 
2N1991 


^BO 


- 


100 
200 


u Adc 


DC Forward Current Transfer Ratio 
(I C = 5 mAdc, V CE = 10 Vdc) 
(I c -= 30 mAdc, V CE = 10 Vdc) 
(I c = 150 mAdc, V C£ = 10 Vdc) 


2N1131 
2N1991 
2N1131 
2N1991 


h FE 


15 
15 
20 
15 




60 
45 




Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, I fi = 15 mAdc) 




V CE (sat) 




1.5 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 


2N1131 
2N1991 


V BE (sat) 




1.3 
1.5 


Vdc 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 




C ob 




45 


Pf 


Input Capacitance 
(V £B = 0.5 Vdc, I C = 0, f = 100 kc) 


2N1131 


C ib 


- 


80 


pf 


AC Current Gain 
(IC = 50 mAdc, VcE = 10 Vdc, f ■= 20 mc) 


2N1131 
2N1991 


M 


2.5 
2.0 






Small-Signal Forward Current Transfer Ratio 
(I c = 1 mAdc, V CE = 5 Vdc, f = 1 kc) 
(I c = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 


2N1131 
2NU31 


h fe 


15 
20 


50 




Small Signal Input Resistance 
(I c = 1 mAdc, V Cfi = 5 Vdc, f = 1 kc) 
(I c = 5 mAdc, V Cfi = 10 Vdc, f = 1 kc) 


2N1131 


h ib 


25 


35 
10 


ohms 


Small Signal Output Admittance 
(I c = 1 mAdc, V CE = 5 Vdc, f = 1 kc) 
(I C = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 


2N1131 


h ob 




1 

5 


u mhos 


Small Signal Voltage Feedback Ratio 
(I c = 1 mAdc, V CE = 5 Vdc, f = 1 kc) 
(I c = 5 mAdc, V CE = 10 Vdc, f = 1 kc) 


2N1131 


h rb 




8 
8 


x 10" 4 



Pulse Test: Pulse width < 300 usee, Duty Cycle ^2% 



2N 1 1 32/ A/ B (SILICON) 

For Specifications, See 2N722 Data Sheet 
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Switching and General Purpose Transistors 



2N 1 204, A (GERMANIUM) 

2N1494,A 

2N1495 

2N1496 



V CEO = 12-25 V 
l c = 500 mA 
f T = 200 Mc Typ 



2N2096 
2N2097 
2N2099 
2N2100 



CASE 31 

(TO-5) 
2N1204,A 
2N1495 
2N2099 
2N2100 



PNP germanium epitaxial mesa transistors for high- 
speed, high-current switching in line and core driver 
applications. 




CASE 25 

2N1494,A 
2N1496 
2N2096 
2N2097 




Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Collector-Base Voltage 

2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 

2N1495, 2N1496, 2N2097, 2N2100 


v 

v CBO 


20 
25 
40 


Vdc 


Collector-Emitter Voltage 

2N2096, 2N2099 

2N1204, 2N1204A, 2N1494A 

2N2097, 2N2100 

2N1495, 2N1496 


v 

CEO 


f2 
15 
20 
25 


Vdc 


Collector -Emitter Voltage 

2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 

2N1495, 2N1496, 2N2097, 2N2100 


V 

V CES 


20 
25 
40 


Vdc 


Emitter -Base Voltage 


v 

v EBO 


4 


Vdc 


Collector Current 


*C 


500 


mAdc 


Total Device Dissipation @ T c = 25° C 

All Types 
derating factor above 25° C 


P D 


750 
10 


mW 
mW/°C 


Total Device Dissipation @ T A = 25° C 
TO-5 Case 

2N1204, 2N1204A, 2N1495, 2N2099, 2N2100 
derating factor above 25° C 

Case 25 

2N1494, 2N1494A, 2N1496, 2N2096, 2N2097 
derating factor above 25° C 


P D 


300 
4.0 

500 
6. 67 


mW 

mW/°C 

mW 
mW/°C 


Operating Junction Range 
Storage Temperature Range 


T J 
T 

stg 


-65 to +100 


°C 
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Switching and General Purpose Transistors 

2N1204,A SERIES (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = lOOfiAdc, I E =0) 


2N1204, 2N1204A, 2N1494, 2N1494A 
2N20S6, 2N209£> 

2N1495^ 2N1496, 2N2097, 2N2100 




BV CBO 


20 
40 


40 

= 


- 


Vdc 


Collector-Emitter Breakdown Voltage 
fx - inn , t Aric v - (\\ 
\Iq - luujiftac, »gg - u > 


2N1204 2N1204A 2N1494 2N1494A 
2N2096^ 2N2099 

2N1495, 2N1496, 2N2097, 2N2100 




BV CES 


20 
25 
40 


40 






Collector-Emitter Breakdown Voltage 
(I c = 2 mAdc, I M = 0) 


2N1204, 2N1204A, 2N1494. 2N1494A 




BV CEQ 


15 


25 


- 


Vdc 


(I c = 10 mAdc, I B = 0) 


2N2096, 2N2099 
2N2097, 2N2100 
2N1495, 2N1496 






12 
20 


- 


- 




Emitter-Base Breakdown Voltage 
(I E = 1 mAdc. I c = 0) 


2N1204, 2N1204A, 2N1494 thru 2N1496, 


2N1494A 


BV EBO 


4 


_ 


_ 


Vdc 


(I E = 10 mAdc, I c = 0) 


2N2096, 2N2097, 2N2099, 2N2100 






4 








Collector Cutoff Current 
< V CB = 5 Vdc ' ! E = 0) 


2N1204, 2N1204A, 2N1494 thru 2N1496, 


2N1494A 


^BO 




0.4 


7 


(iAdc 


(V CB = 12 Vdc, I £ = 0) 


2N2096, 2N2099 










12 




(V CB = 15 Vdc, I E = 0) 


2N2097, 2N2100 














Emitter Cutoff Current 
(V OB =0.5Vdc, I c =0) 


2N1494 thru 2N1496, 2N1494A 




J EBO 


_ 


_ 


5 


MAdc 


< V OB = 1Vdc ' I C =0) 


2N2096, 2N2097, 2N2099, 2N2100 








10 


50 




DC Current Gain 

(I c = 200 mAdc, V CE = 0. 5 Vdc) 


2N1204A, 2N1494A, 2N1495, 2N1496 




h FE 


25 






- 


(I c = 200 mAdc, V CE = 1 Vdc) 


2N2097, 2N2100 














(I c = 400 mAdc, V CE = 1. 5 Vdc)* 


2N1204, 2N1494, 2N2096, 2N2099 
2N2097, 2N2100 






15 
20 


35 
50 


: 




Collector-Emitter Saturation Voltage 
(I c = 50 mAdc, I B = 2. 5 mAdc) 


2N2097, 2N2100 




V CE(sat) 






0.3 


Vdc 


d c = 200 mAdc", I B = 10 mAdc) 


2N1204, 2N1204A, 2N1494, 2N1494A 
2N2097, 2N2100 
2N2096, 2N2099 










o'.i 

0.6 




d c = 200 mAdc, 1 B = 20 mAdc) 


2N1495, 2N1496 










0.3 




d c = 400 mAdc, Ig = 25 mAdc)** 


2N1204A, 2N1494A, 2N1495, 2N1496 










0.7 




Base-Emitter Saturation Voltage 
d c = 50 mAdc, I B = 2. 5 mAdc) 


2N2097, 2N2100 




V BE(sat) 






0.5 


Vdc 


(I c = 200 mAdc, I B = 10 mAdc) 


2N1204, 2N1204A, 2N1494 thru 2N1496, 
2N2097, 2N2100 
2N2096, 2N2099 


2N1494A 




0. 40 


0.60 


0. 72 
0.8 
0.9 




Collector Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 4 mc) 


2N1204, 2N1204A, 2N1494 thru 2N1496, 
2N2096, 2N2097, 2N2099, 2N2100 


2N1494A 


C ob 




3.5 
3.5 


6.5 
20 


pf 


Input Capacitance 

(V QB = 1 Vdc, I c = 0, f = 4 mc) 


All Types 




C ib 




8 


50 


P* 


AC Current Gain 

(I c = 20 mA, V CE = 10 V, f = 100 mc) 


2N1204, 2N1204A, 2N1494, 2N1494A 
2N1495, 2N1496 




h fe 


l!5 


2 






Rise Time 


2N20S7, 2N2100 

2N1204, 2N1204A, 2N1494, 2N1494A, 2N2096, 2N2099 
2N1495, 2N1496 


l r 






20 
35 
55 


usee 


Minority Carrier Storage Time Constant 


2N1204, 2N1204A, 2N1494 , 2N1494A 
2N1495, 2N1496 




r s 




30 


75 
90 


usee 


Storage Time 


2N2097, 2N2100 
2N2096, 2N2099 




»S 






50 
70 


nsec 


Fall Time 


2N2097, 2N2100 
2N2096, 2N2099 




'f 






40 

60 


usee 



*Pulse Test: Pulse width £ 1 msec, Duty cycle <, 6% 
**Pulse Test: Pulse width <. 5 msec, Duty cycle <. 2% 
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Switching and General Purpose Transistors 



2N1204,A SERIES (continued) 



NORMALIZED CURRENT GAIN CARRIER STORAGE TIME CONSTANT TEST CIRCUIT 

CHARACTERISTICS 




l c> COLLECTOR CURRENT (mAdc) *ADD SCOPE AND PROBE 



CAPACITANCE TO C, FOR 
CORRECT CALCULATION 
OF r s (K' s ) 




COLLECTOR EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 



1.0 

£ 0.8 

£ 0.6 
o 

o 

£ 0.4 
o 

> 0.2 
0 



































































Tj 


= 25 


°C 












































































































00m 


A 










\ 






















c = 5 






























1 

l c - 200mA 


1- 
















* 
















1 


h— 1 






























4— i 

c =50mA 


; = 100mA 










1 
























= 10mA 
1 1 1 


II 





0.1 0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 30 50 

l„ BASE CURRENT (mAdc) 



TYPICAL RISE AND FALL-TIME BEHAVIOR TOTAL CONTROL CHARGE 



30 




10 20 30 50 70 100 200 300 500 i.o 3.0 5.0 7.0 10 30 50 

l c , COLLECTOR CURRENT (mA) I B , BASE CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N1204,A SERIES (continued) 



RISE TIME TEST CIRCUIT 



STORAGE AND FALL TIME TEST CIRCUIT 



Hf> RELAY 
< 



n 



10 V 



500 
-W\r 



TEKTRONIX TYPE 517 
CRO OR EQUIVALENT 



H, RELAY 



250 
— VW— 




NOTE 1 : SCOPE IMPEDANCE SUFFICIENTLY HIGH SO THAT DOUBLING 
OR HALVING ITS VALUE DOES NOT CHANGE THE READING. 
SCOPE RISE TIME FAST ENOUGH SO THAT DOUBLING OR 
HALVING ITS VALUE DOES NOT CHANGE THE READING. 



2N 1420 (SILICON) 



For Specifications, See 2N697 Data Sheet 



2N 1 494, A thru 2N 1 496 (GERMANIUM) 



For Specifications, See 2N1204 Data Sheet 



2n1613 (SILICON) 

2n1711 



For Specifications, See 2N718A Data Sheet 
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Switching and General Purpose Transistors 



2N1893 (SILICON) 
2N2405 

Collector connected to case 



CASE 31 

(TO-5) 




V CEO = 80-90 V 
l c = 0.5-1 A 
f T = 50 MHz 



NPN silicon annular transistors designed for medium- 
power amplifier and switching applications. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



WNdldtTenSTIC 


Nil mnAI 

jymuoi 






Unit 

unii 


Collector-Base Voltage 


v ^ 
CBO 


120 


120 


Vdc 


Collector- Emitter Voltage 


v 

V CEO 


80 


90 


Vdc 


Collector- Emitter Voltage 


v 

CER 


100 


140 


Vdc 


Emitter-Base Voltage 


V 

V EBO 


7 


7 


Vdc 


Collector Current 


r c 


0.5 


1 


Adc 


Total Device Dissipation @ T A = 25° C 
Derating Factor Above 25° C 


P D 


0.8 
4.57 


1 

5.71 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25° C 
Derating Factor Above 25° C 


P D 


3 

17.2 


5 

28.6 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


200 


200 


°c 


Storage Temperature Range 


stg 


-65 to + 200 


-65 to +200 


°c 


Thermal Resistance: 
Junction-to- Case 

Junction-to-Air 




58.3 
219 


35 
175 


°c/w 
°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


2N1893 


2N2405 


Unit 


Min 


Max 


Min 


Max 


Collector- Emitter Sustaining Voltage* 
(I c = 30 raA, Ig = 0) 


V CEO(sus) 


80 








Vdc 


(I c = 100 mA, I B = 0) 








90 






(I c = 100 mA, R BE = 10 ohms) 


V CER(sus) 


100 




140 






Collector- Base Breakdown Voltage 
(I C = 100^A, I E =0) 


BV CBO 


120 




120 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100^ A, I c =0) 


BV EBO 


7 




7 




Vdc 


DC Forward Current Transfer Ratio* 
(I c = 0. 1 mA, V CE = 10 V) 


h FE 


20 










(I c = 10 mA, V CE = 10 V) 




35 










(I c = 150 mA, V CE = 10 V) 




40 


120 


60 


200 




(I c = 10 mA, V CE = 10 V, T A = -55°C) 




20 










Collector Saturation Voltage 
(I c = 50 mA, Ig = 5 mA) 


V CE(sat) 




1.2 






Vdc 


(I c = 150 mA, Ig = 15 mA) 






5 




0.5 
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Switching and General Purpose Transistors 



2N1893 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


2N1893 


2N2405 


Unit 


Min 


Max 


Min 


Max 


Base- Emitter Saturation Voltage 
(I c = 50 mA, I B = 5 mA) 


V BE(sat) 


— 


0.9 


- 




Vdc 


(I c = 150 mA, I B = 15 mA) 






1.3 




l.i 




Collector Cutoff Current 
( V CB = 90 V > l E = 0) 


I 

CBO 




0 01 




0 01 




(V CB = 90 V, I E = 0, T A = 150°C) 




- 


15 


— 


10 




Emitter Cutoff Current 
(V" = 5 V. U = 0) 


T EBO 


— 


0.01 


— 


0.01 


/LtAdc 


Output Capacitance 

(v = 10 V I =0) 
v CB ' E ' 






15 




15 


pF 


Input Capacitance 

< V EB = 0 - 5V > 'C =0 » 


c 

lb 


— 


85 


— 


— 


pF 


Small Signal Current Gain 

(I c = 1 mA, V CE = 5 V, f = 1 kHz) 


fe 


30 


100 


— 


— 




(I c = 5 mA, V CE = 5 V, f = 1 kHz) 






— 


50 


275 




(I c = 5 mA, V CE = 10 V, f = 1 kHz) 




45 










(I c = 50 mA, V CE = 10 V, f = 20 MHz) 




2.5 


— 


— 


— 




Input Resistance 

(I c = 1 mA, V CB = 5 V, f = 1 kHz) 


h., 
lb 


20 


30 






ohms 


(I c = 5 mA, V CB = 10 V, f = 1 kHz) 




4 


8 


4 


8 




Voltage Feedback Ratio 

(I c = 1 mA, V CB = 5 V, f = 1 kHz) 


h . 
rb 




1.25 






X10-4 


(I c = 5 mA, V CB = 10 V, f = 1 kHz) 






1.5 




3 




Output Conductance 

(I c = 1 mA, V CB = 5 V, f = 1 kHz) 


h , 
ob 




0.5 






jumho 


(I c = 5 mA, V CR = 10 V, f = 1 kHz) 






0.5 




0.5 





♦Pulse Test: PW < 300 jxsec, Duty Cycle < 2% 



2N 1991 (SILICON) 

For Specifications, See 2N1131 Data Sheet 



2n2096 (GERMANIUM) 

2n2097 

ne%e\n For Specifications, See 2N1 2 04 Data Sheet 

2NZ099 



2N 



2100 
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Switching and General Purpose Transistors 



2n2 1 92, A, B thru 2n2 1 95, A, B 

(SILICON) 




V CEO = 25-50 V 
l c = 1 A 
f T = 250Mc 



%\ NPN silicon annular transistors for high-current 

% \ switching and amplifier applications. 

CASE 31 \>\ Collector connected to case 

(TO-5) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2192 

2N2192A 

2N2192B 

2N2194 

2N2194A 

2N2194B 


2N2193 

2N2193A 

2N2193B 


2N2195 

2N2195A 

2N2195B 


Unit 


Collector- Base Voltage 


V CBO 


60 


80 


45 


Vdc 


Collector-Emitter Voltage 


V CEO 


40 


50 


25 


Vdc 


Emitter-Base Voltage 


v 

v EBO 


5 


8 


5 


Vdc 


Collector Current 


l C 


1.0 


1.0 


1.0 


Adc 


Total Device Dissipation 

@ 25 °C Ambient Temperature 
Derating Factor Above 25° C 


P D 


0.8 
4.56 


0.8 
4.56 


0.6 
3.43 


Watt 
mW/°C 


Total Device Dissipation 

@ 25° C Case Temperature 
Derating Factor Above 25° C 


P D 


2.8 ^ 

^ 16 *~ 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


-65 to +200 


°C 


Storage Temperature Range 


T 

stg 


-65 to +200 


°c 



2N2192, A, B — V,„ = 7.5 V, V b = 7.5 V 

2N2193.A, B\ 

^•V„ = 15 V, V 0 =r 15 V 




O V ou( 

Scope Input: 
R = 10 Megohms 
40fi ^ C = 11.5 pf 



8-72 



Switching and General Purpose Transistors 

2N2192 f A,B thru 2N2195,A,B (continued) 



ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 



Characteristic 


^\/mHnI 
■jyiuuui 


A/lin 


May 


Unit 


Collector- Base Breakdown Voltage 
(I c = 100/yAdc, I E = 0) 


2N2192, 
2N2193, 
2N2195, 


A, 
A, 
A, 


B, 
B 
B 


2N2194, 


A, 


B 


BV CBO 


60 
80 
45 




Vdc 


Collector Emitter-Open Base Sustain Voltage* 
(I c = 25 mA pulsed, Ig = 0) 


2N2192, 
2N2193, 
2N2195, 


A, 
A, 
A, 


B, 
B 
B 


2N2194, 


A, 


B 




40 
50 
25 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 pAdc, I c = 0) 


2N2192, 
2N2195, 
2N2193, 


A, 
A, 
A, 


B, 
B 
B 


2N2194, 


A, 


B, 


BV EBO 


5 
8 


- 
- 


Vdc 


Collector Cutoff Current 
(V CB = 30 Vdc, I £ = 0) 


2N2192, 
2N2195, 


A, 
A, 


B, 
B 


2N2194, 


A, 


B 


X CBO 


- 


.010 
.100 


//Adc 


(V CB = 30 Vdc, I £ 


= 0, T A = 150°C) 


2N2192, 
2N2194, 
2N2195, 


A, 
A, 
A, 


B 
B 
B 












15 
25 
50 




(V CB = 60 Vdc, I E 


= 0) 


2N2193, 


A, 


B 












.010 




(V CB = 60Vdc, I E 


= 0, T A = 150°C) 


2N2193, 


A, 


B 










- 


25 




Emitter Cutoff Current 
(V £B = 3 Vdc, I c = 0) 


2N2192, 
2N2195, 


A, 
A, 


B, 
B 


2N2194, 


A, 


B 


^BO 


_ 


.050 
.100 


fiAdc 


(V EB = 5 Vdc, I c = 


0) 


2N2193, 


A, 


B 












.050 




Collector-Emitter Saturation Voltage 
fl c = 150 mAdc, I B = 15 mAdc) 


2N2192 thru 2N2195 
2N2192A thru 2N2195A 
2N2192B thru 2N2195B 






V CE(sat) 




0.35 
0.25 
0.18 




Base- Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 


All Types 










V BE (sat) 




1.3 


Vdc 


DC Current Gain* 

(I c = 0.1 mAdc, V C£ = 10 Vdc) 


2N2192, 


A, 


B, 


2N2193, 


A, 


B 


h FE* 


15 






(I c = 10 mAdc, V CE = 10 Vdc) 


2N2192, 
2N2193, 
2N2194, 


A, 
A, 
A, 


B 
B 
B 










75 
30 
15 


- 




(I c = 10 mAdc, V CE = 10 Vdc, T A = -55°C) 


SN2192, 
2N2193, 


A, 
A, 


B 
B 










20 






(I c = 150 mAdc, V CE = 10 Vdc) 


2N2192, 
2N2193, 
2N2194, 
2N2195, 


A, 
A, 
A, 
A, 


B 
B 
B 
B 










100 
40 
20 
20 


300 
120 
60 




(I c = 150 mAdc, V CE = 1.0 Vdc) 


2N2192, 
2N2193, 
2N2194, 
2N2195, 


A, 
A, 
A, 
A, 


B 
B 
B 
B 










70 
30 
15 
10 


- 
- 




(I c = 500 mAdc, V C£ = 10 Vdc) 
(I c = 1.0 Adc, V CE = 10 Vdc) 


2N2192, 
2N2193, 
2N2194, 
2N2192, 


A, 
A, 
A, 
A, 


B 
B 
B 
B, 


2N2193. 


A, 


B 




35 
20 
12 
15 


- 




Output Capacitance 
(V CB =10Vdc, I E 


= 0, f = 1.0 mc) 


All Types 










C ob 




20 


pf 


Small Signal Current Gain 

(I c = 50 mA, V CE = 10 V, f = 20 mc) 


All Types 










h fe 


2.5 






Rise Time 
















V 




70 


nsec 


Storage Time 


2N2L92-94, '2N2192A-9.4A,. 


2N2192B-94B 




l s 




150 


nsec 


Fall Time 




















50 


nsec 



*Pulse Test: PW < 300 /isec, Duty Cycle < 2% 



8-73 



Switching and General Purpose Transistors 



2N22 18 (SILICON) 

2N2219 

2N2221 
2N2222 

2N2904 thru 2N2907 




Vceo = 30 V 
f T = 400 Mc Typ 



CASE 22 

(TO-18) 

2N2221 
2N2222 
2N2906 
2N2907 



ALSO AVAILABLE AS JAN AND HI-REL UNITS 



Silicon annular star transistors for high-speed 
switching and DC to UHF amplifier applications. NPN 
types 2N2218 thru 2N2222 are complementary to 
PNP types 2N2904 thru 2N2907. 



Collector connected to case 

CASE 31 

(TO-5) 

2N2218, 2N2219, 
2N2904, 2N2905 




MAXIMUM RATINGS 



Characteristic 


Symbol 


NPN 


PNP 


Unit 


Collector - Base Voltage 


V CBO 


60 


60 


Vdc 


Collector - Emitter Voltage 


v 

CEO 


30 


40 


Vdc 


Emitter - Base Voltage 


v 

EBO 


5 


5 


Vdc 


Collector Current 


'c 


800 


600 


mAdc 


Total Device Dissipation 
@ 25° C Case Temperature 
To - 5: 2N2218, 2N2219 

Derate Above 25° C 


P D 


3 
20 




W 

mW/°C 


2N2904, 2N2905 
Derate Above 25° C 






3 

17.2 


W 

mW/°C 


To - 18: 2N2221, 2N2222 

Derate Above 25° C 




1.8 
12 




W 

mW/°C 


2N2906, 2N2907 
Derate Above 25° C 






1.8 
10.3 


W 

mW/°C 


Total Device Dissipation 

@ 25° C Ambient Temperature 

To - 5: 2N2218, 2N2219 

Derate Above 25° C 


P D 


0.8 
5.33 




W 

mW/°C 


2N2904, 2N2905 
Derate Above 25° C 






0.6 
3.43 


W 

mW/°C 


To - 18: 2N2221, 2N2222 

Derate Above 25° C 




0.5 
3.33 




W 

mW/°C 


2N2906, 2N2907 
Derate Above 25° C 






0.4 
2.28 


W 

mW/°C 


Operating Junction Temperature 


T J 


-65 to +175 


-65 to+200 


°C 


Storage Temperature 


T 

stg 


-65 to + 200 


-65 to +200 


°C 
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Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Static Characteristic 


Fig. Ho. 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 uAdc, I E = 0) 


All Types 








BV CBO 


60 


— 


Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, 1 B = 0) 


2N2218-19, 2N2221-22 
2N2904 thru 2N2907 






9 


BV CEO , 


30 
40 


... 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 (iAdc, I c = 0) 


All Types 








EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

(V C b = 50 Vdc, I E = 0, T A = 150°C) 


2N2218-19, 2N2221-22 
2N2904 thru 2N2907 
2N2218-19, 2N2221-22 
2N2904 thru 2N2907 






... 


•CBO 




.01 

.02 
10 
20 


MAdc 


Collector Cutoff. Current 
(Vce = 30 Vdc, V BE - 0.5 Vdc) 


2N2904 thru 2N2907 






— 


! CEX 




50 


nAdc 


Base Cutoff Current 
(V CE = 30 Vdc, V BE = 0.5 Vdc) 


2N2904 thru 2N2907 






— 


»BL 




50 


nAdc 


Collector- Emitter Saturation Voltage* 
(Iq^ 150 mAdc, I B = 15 mAdc) 
(I c = 500 mAdc, I B = 50 mAdc) 


All Types 
All Types 






12, 15 


V CE (sat)* 




0.4 
1.6 


Vdc 


Base-Emitter Saturation Voltage* 
(I C = 150 mAdc, I B = 15 mAdc) 
(I c = 500 mAdc, I B = 50 mAdc) 


All Types 
All Types 






13, 16 


V BE (sat)* 




2.6 


Vdc 


DC Forward Current Transfer Ratio 
<I C = 0.1 mAdc, Vce = 10 vd c) 


2N2218, 2N2221, 2N2904, 2N2906 
2N2219, 2N2222, 2N2905, 2N2907 




10 
11 




»>FE 




2~. 
35 






(IC = 1.0 mAdc, V CE = 10 Vdc) 


2N2218, 2N2221, 2N2904, 2N2906 
2N2219, 2N2222, 2N2905, 2N2907 












25 
50 






(I c = 10 mAdc, V CE = 10 Vdc) 


2N2218, 2N2221, 2N2904, 2N2906 
2N2219, 2N2222, 2N2905, 2N2907 












35 
75 






(I C = 150 mAdc, V C e = 1° vd c)* 


2N2218, 2N2221, 2N2904, 2N2906 
2N2219, 2N2222, 2N2905, 2N2907 












40 
100 


120 
300 




(IC = 500 mAdc, V CE = 10 Vdc)* 


2N2218, 2N2221, 2N2904, 2N2906 
2N2219, 2N2222, 2N2905, 2N2907 












20 
30 








Dynamic Characteristic 


Fig. Ho. 


Symbol 


Mm 


Typ 


Max 


Unit 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


All Types 


4 








8 


pf 


Input Capacitance 
(V BE = 0.5 Vdc, I c = 0, f = 100 kc) 
(V BE = 2 Vdc, Ic = 0, f = 100 kc) 


2N2218-19, 2N2221-22 
2N2904 thru 2N2907 


4 


c ib 






30 
30 


pf 


Current Gain - Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 mc) 
(I c = 50 mAdc, V CE = 20. Vdc, f = 100 mc) 


2N2218-19, 2N2221-22 
2N2904 thru 2N2907 


8 


t T 


250 
200 








Delay Time 


2N2904 thru 2N2907 


1 






6 


10 




Rise Time 


2N2904 thru 2N2907 


1 






20 


40 




Turn- On Time 


2N2218-19, 2N2221-22 
2N2904 thru 2N2907 


1 


t on 




26 
26 


45 




Storage Time 


2N2904 thru 2N2907 


2 


t s 




50 


80 




Fall Time 


2N2904 thru 2N2907 


2 


k 




20 


30 




Turn-Off Time 


2N2218-19, 2N2221-22 
2N2904 thru 2N2907 


2 


*off 




70 
70 


100 




Total Switching Time 


All Types 


3 


Hotal 




12 







•Pulse Test, Pulse Width ^ 300 Msec, Duty Cycle ^ 2% 



PNP SWITCHING-TIME CIRCUITS 

For NPN Switching Tests, reverse diodes, polarities, and input pulses. 




FIGURE 1 — SATURATED TURN-ON FIGURE 2 — SATURATED TURN-OFF FIGURE 3 — NON-SATURATED 
SWITCHING-TIME TEST CIRCUIT SWITCHING-TIME TEST CIRCUIT SWITCHING-TIME TEST CIRCUIT 



8-75 



Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 





NPN PNP 




l c , COLLECTOR CURRENT (mAdc) l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 



NPN PNP 
FIGURE 9 — COLLECTOR CURRENT versus MINIMUM COLLECTOR-EMITTER BREAKDOWN VOLTAGE 




0 10 20 30 40 50 ' 0 10 20 30 40 50 



BV cto , COLLECTOR-EMITTER BREAKDOWN VOLTAGE BV CEO , COLLECTOR-EMITTER BREAKDOWN VOLTAGE 



FIGURE 10 — LOW CURRENT GAIN 




.01 .04 0.1 0.4 1.0 4 10 40 100 200 .01 .04 0.1 0.4 1.0 4 10 40 100 200 

l c , COLLECTOR CURRENT (mA) | Cl COLLECTOR CURRENT (mA) 



FIGURE 11 — HIGH CURRENT GAIN 




10 20 40 60 100 200 500 10 20 40 60 100 200 500 

l c , COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 

2N22 1 8 SERIES, 2N2904 SERIES (continued) 



NPN 



FIGURE 12 — COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 




.06 0.1 1.0 10 100 



l„ BASE CURRENT (mAdc) 



FIGURE 13 — BASE SATURATION VOLTAGE FIGURE 14 — TEMPERATURE COEFFICIENTS 

versus BASE CURRENT 




l„ BASE CURRENT (mAdc) l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 



PNP 



FIGURE 15 — COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 

~i — i 1 — i — n — i n n — i — i — i 1 n — i — t 




100 



.06 0.1 1.0 10 100 

l„ BASE CURRENT (mAdc) 



FIGURE 16 — BASE SATURATION versus FIGURE 17 — TEMPERATURE COEFFICIENTS 

BASE CURRENT 




0.1 1.0 10 100 1 2 4 6 10 20 40 60 100 200 

l„ BASE CURRENT (mAdc) l Ci COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N2218A (SILICON) 

2n2219A 
2 n2221A 
2n2222A 

ALSO AVAILABLE AS JAN AND HI-REL UNITS 




NPN silicon annular Star transistors for high-speed 
switching and DC to VHF amplifier applications. 

\ Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2218A 
2N2219A 
(TO-5) 


2N2221A 
2N2222A 
(TO-18) 


Unit 


Collector-Base Voltage 


V CBO 


75 


75 


Vdc 


Collector-Emitter Voltage 


v CEO 


40 


40 


Vdc 


Emitter-Base Voltage 


V EBO 


6 


6 


Vdc 


Total Device Dissipation at 
25° C Case Temperature 
Derating Factor Above 25 °C 


P D 


3 
20 


1.8 

12 


Watts 

mW/°C 


Total Device Dissipation at 

25° C Ambient Temperature 
Derating Factor Above 25 °C 




0.8 
5. 33 


0.5 
3.33 


Watts 

mW/°C 


Junction Temperature Range 




-65 to +175 


°C 


Storage Temperature Range 


T stg 


-65 to + 200 


°C 




V CEO = 40V 
f T = 400McTyp 




CASE 22 CASE 31 

(TO-18) (TO-5) 

2N2221A 2N2218A 

2N2222A 2N2219A 
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Switching and General Purpose Transistors 

2N2218A, 2N2219A, 2N2221 A , 2N2222 A (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Static Characteristics 


Symbol 


Mm 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 uAdc, I E = 0) 


All Types 


BV CBO 


75 




Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


All Types 


BV„„„ 
CEO 


4U ■ 




Vdc 


Emitter-Base Breakdown Voltage 
(1 E = lOj/Adc, I c = 0) 


All Types 


BV „ 
EBO 


0 




Vdc 


Collector Cutoff Current 
(V CB = 60 Vdc, I E = 0) 


All Types 


X CBO 




0.01 


fi Adc 


(V CB = 60 Vdc, I £ = 0, T A = 150° C) 


All Types 






10 




Collector Cutoff Current 

(V CE = 60 Vdc, V QB = 3Vdc ) 


All Types 


I CEX 




10 


nAdc 


Base Cutoff Current 

(V CE = 60Vdc,V OB =3 Vdc) 


All Types 


'bl 


— 


20 


nAdc 


Emitter Cutoff Current 
(V QB = 3 Vdc, I c = 0) 


All Types 


X EBO 


— 


10 


nAdc 


Collector-Emitter Saturation Voltage* 
(I c = 150 mAdc, I B = 15 mAdc) 

(T_ = KOO mArff» T - mAr1r\ 

\ A Q 0\J\J IIlAUv*, In — JU IXL/VCIC/ 


All Types 
All Types 


V CE (sat)* 




0.3 


Vdc 


Base-Emitter Saturation Voltage* 
{Iq = 150 mAdc, Ig = 15 mAdc) 
(I c = 500 mAdc, I B = 50 mAdc) 


All Types 
All Types 


V BE(sat)* 


0. 6 


1.2 
2.0 


Vdc 


DC Forward Current Transfer Ratio* 
(I c = 0. 1 mAdc, V C£ = 10 Vdc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


h FE* 


20 
35 


— 





a c = 1. 0 mAdc, V CE = 10 Vdc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




25 


— 




(I c = 10 mAdc, V CE = 10 Vdc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




35 
75 






(I c = 10 mAdc, V C£ = 10 Vdc, = -55 °C) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




15 
35 






(I c = 150 mAdc, V CE = 10 Vdc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




40 
100 


120 
300 




(I c = 150 mAdc, V CE - 1. 0 Vdc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




20 
50 






(I c = 500 mAdc, V CE = 10 Vdc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




25 
40 






* Pulse Test <300 fjsec, duty cycle <2% 
V QB - Base- Emitter Reverse Bias 


SMALL SIGNAL CHARACTERISTICS 


Symbol 


Min 


Max 


Unit 


Small Signal Current Gain 

(I c = 1.0 mA, V C£ = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


h fe 


30 
50 


150 
300 




(I c = 10 mA, V CE = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




50 
75 


300 
375 




Voltage Feedback Ratio 

(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


h re 




5 
8 


X10" 4 


(I c = 10 mA, V CE = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 






2.5 
4 




Input Impedance 

(I c = 1.0 mA, V C£ = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


h ie 


1 

2.0 


3.5 
8 


k ohms 


(I c = 10 mA, V CE = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




0.2 
0.25 


1.0 
1.25 




Output Admittance 

(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


h oe 


3 
5 


15 
35 


^rnhos 


(I c = 10 mA, V C£ = 10 V, f = 1 kc) 


2N2218A, 2N2221A 
2N2219A, 2N2222A 




10 

25 


100 
200 




Collector-Base Time Constant 

(I c = 20 mA, V CE = 20 V, f = 31.8 mc) 


r 'b C c 




150 


psec 


Noise Figure 

(I c = 100// A, V CE = 10 V, Rg = 1 k£, f . 1 kc) 


2N2219A, 2N2222A 


NF 




4 


db 
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Switching and General Purpose Transistors 



2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 



SMALL SIGNAL FORWARD CURRENT GAIN AND VOLTAGE FEEDBACK RATIO versus COLLECTOR CURRENT 

Vce = 10V@1Kc 



2N2218A. 2N2221A 











































































- 






















































































































































* 




> 




































* 



































































































































































































0.1 0.2 0.5 1.0 2.0 5.0 

l c , COLLECTOR CURRENT (mAdc) 



2N2219A, 2N2222A 







































































h,. 



























































































































































































































































































































































































































































































































































































































































T 

6.0 2 



0.5 1.0 2.0 
l c , COLLECTOR CURRENT (mAdc) 



5.0 10.0 20 



SMALL SIGNAL INPUT IMPEDANCE AND OUTPUT CONDUCTANCE versus COLLECTOR CURRENT 
Vce = 10 V @ 1 Kc 
2N2218A, 2N2221A 2N2219A, 2N2222A 




0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 
l c , COLLECTOR CURRENT (mAdc) 




COLLECTOR CURRENT (mAdc) 



1 KC NOISE FIGURE versus SOURCE IMPEDANCE 



NOISE FIGURE versus FREQUENCY 




100 2 4 6 1 K 2 4 6 10 K 2 4 6 100 K 
R g , SOURCE IMPEDANCE (ohms) 























1 1 

_ - 10V 


























T A = 


25°C 








\ 


V 








R C g = 


10 M A 
4.3Kr 




































K 
1 


























R 9 


0 M A- 









































400 1 Kc 4Kc 10 Kc 40 Kc 100 Kc 

f, FREQUENCY (CPS) 
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Switching and General Purpose Transistors 

2N2218A, 2N2219A, 2N2221 A, 2N2222A (continued) 





o I 1 I I I 1 I I __J I I I I I I I 1 

0.06 0.1 0.4 1.0 4.0 10 40 100 

l B , BASE CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2n2256. 2 n2257,S,L,CON, H=7oOmA 
2N2258 (GERMANIUM) f T = 320MHz 

2N2225 (GERMANIUM) 



CASE 22 

(TO-18) 




NPN silicon and PNP germanium mesa complemen- 
tary transistors for high- speed non- saturated switching 
applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2256 
2N2257 


2N2258 
2N2259 


Unit 


Collector-Emitter Voltage 


V 

v CEO 


7 


7 


Vdc 


Collector-Base Voltage 


V CB 


7 


7 


Vdc 


Emitter -Base Voltage 


v 

EB 


1 


1 


Vdc 


Collector Current-Continuous 


l c 


100 


100 


mAdc 


Total Device Dissipation @ T A = 25°C 


P D 


300 


150 


raW 


Derate above 25°C 




2 


2 


mW/°C 


Total Device Dissipation @ T c = 25°C 


P D 


1000 


300 


mW 


Derate above 25°C 




6.67 


4 


mW/°C 


Operating and Storage Junction 










Temperature Range 


T T 
J' stg 


-65 to +175 


-65 to +100 


°C 



TRANSISTOR SELECTION CHART 



TYPE 


TYPE 


h FE @ l c - 25 mA 


NPN 


PNP 


20 


40 


2N2256 


X 




X 




2N2257 


X 






X 


2N2258 




X 


X 




2N2259 




X 




X 
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Switching and General Purpose Transistors 

2N2256 thru 2N2259 (continued) 



ELECTRICAL CHARACTERISTICS <T A = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



OFF CHARACTERISTICS 



Collector-Emitter Breakdown Voltage 
(I c = 100 piAdc, V BE = 0) 


BV CES 


7 


15 




Vdc 


Collector -Base Breakdown Voltage 
(I c = 100 jxAdc, Ig = 0) 


BV CBO 


7 


15 




Vdc 


Emitter -Base Breakdown Voltage 
(I E = 100 nAdc, I c = 0) 


BV EBO 


1 






Vdc 


Collector Cutoff Current 
(V CB = 6 Vdc, ^ = 0) 

< V CB =8Vdc ' I E ia0 ' T A =65 ° C > 


^BO 




3 

30 


10 
100 


piAdc 



ON CHARACTERISTICS 



DC Current Gain 

(I c = 10 mAdc, V CE = 1 Vdc) 


2N2256, 2N2258 
2N2257,2N2259 


h FE 


17 
40 


30 
50 






(I c = 25 mAdc, V CE = 1 Vdc) 


2N2256, 2N2258 
2N2257,2N2258 




20 
40 


35 
55 






Base -Emitter On Voltage 

(I c = 10 mAdc, V CE = 1 Vdc) 


2N2256, 2N2257 
2N2258, 2N2259 


V BE(on) 




0. 70 
0.35 


0.8 
0.5 


Vdc 


(I c = 25 mAdc, V CE = 1 Vdc) 


2N2256, 2N2257 
2N2258,2N2259 






0.8 
0. 45 


0.9 
0.6 




Conduction Threshold Base -Emitter Voltage* 

(I r = 200 /xAdc, V p „ = 1 Vdc) 2N2256, 2N2257 
^ LJi 2N2258,2N2259 


V T 


0.5 
0.1 






Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

(I c = 10mAdc,V CE = 1 Vdc,f = 100 MHz) 2N2258, 2N2259 


f T 


250 


320 




MHz 


(I c =10mAdc,V CE = 15 Vdc, f = 


100 MHz) 2N2256, 2N2257 




250 


320 






Output Capacitance 

(V pR = 5 Vdc, 1= 0, f = 4 MHz) 2N2256, 2N2257 
* 2N2258, 2N2259 


C ob 




4 
4 


5 
8 


pF 


Base Resistance 
(I E = 5 mAdc, V CB = 2 Vdc, f 


= 300 MHz) 

2N2256,2N2257 
2N2258,2N2259 


r 'b 




50 
75 


100 
125 


Ohms 


Turn -On Time 


2N2256,2N2257 
See Fig. 1 
2N2258,2N2259 
See Fig. 2 


'on 




3 
4 


7 
8 


ns 


Turn-Off Time 


2N2256,2N2257 
See Fig. 1 
2N2258,2N2259 
See Fig. 2 


'off 




4 
3 


7 
7 


ns 



♦Base-to-emitter forward bias voltage at which transistor will be at the threshold of conduction; i.e. that 
base-to-emitter voltage at which the collector current is less than or equal to the specified amount 
under ai given collector-to-emitter voltage condition. 
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Switching and General Purpose Transistors 



2N2256 thru 2N2259 (continued) 

FIGURE 1 — NPN SWITCHING TIME TEST CIRCUIT 

9 +3V 

t r , t, < 1 NSEC 
R s = 5012 



-1LT 



100ft 
GROUND 
PLANES 



OSCILLOSCOPE 
I 5 2 K (t f < 0.7 NSEC) 



o 








3-150ft 


RESISTORS 
IN A "Y" 


•son 


CONFIGURATION 









GROUND 
PLANE 



-22Vi 



4= 0.05/J 



0.0 5 M f 



FIGURE 2- 



t„ t, < 1 NSEC 
R s = 50ft 



+2V n 

ov — I I — 



PNP SWITCHING TIME TEST CIRCUIT 

0-3V 



100ft 
GROUND 
PLANES 



OSCILLOSCOPE 
(t r < 0.7 NSEC) 



o 




3-150n 


—TO 


RESISTORS 


:50ft 


IN A "Y" 


CONFIGURATION 









GROUND 
PLANE " 

1N916 



+ 22 V 6 T 



r 

0.05 M f 



FIGURE 3 — CASCADE COMPLEMENTARY GATE 

-3V ?-20V 9+20V 




4- 20V 

PNP-2N2258 NPN2N2256 



FIGURE 4 —CURRENT MODE INVERTER FOR USE WITH 
DIODE LOGIC PROPAGATION DELAY TIME 10 ns 




FIGURE 5 — CURRENT GAIN CHARACTERISTICS 



FIGURE 6- 



- GAIN-BANDWITH PRODUCT 
CHARACTERISTICS 




20 30 
, COLLECTOR CURRENT (mA) 



500 
I 400 

'300 
: 250 



l c , COLLECTOR CURRENT (mA) 



2N2303 (SILICON) 

For Specifications, See 2N722 Data Sheet 
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Switching and General Purpose Transistors 




CASE 22 CASE 31 Co " ector connected to case 

(TO-18) (T0 .5) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2330 
(TO-5) 


2N2331 
(TO-18) 


Unit 


Collector -Emitter Voltage 


V CEO 


20 


20 


Vdc 


Collector -Base Voltage 


V CB 


30 


30 


Vdc 


Emitter -Base Voltage 


V EB 


5 


5 


Vdc 


Collector Current 


J c 


500 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


0.8 
5.33 


0.5 
3.33 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


3 

20 


1.8 
12 


Watts 
mW/°C 


Operating Junction Temperature Range 


T J 


-65 to +175 


°C 


Storage Temperature Range 


T 

Stg 


-65 to + 200 


°C 
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Switching and General Purpose Transistors 

2N2330, 2N2331 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


A/lin 


Max 


Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 
(I c = 1 mAdc, I B = 0) 


BV CEO 


20 




Vdc 


Collector -Base Breakdown Voltage 
(I c = 10 juAdc, I E = 0) 


BV CBO 


30 




Vdc 


Emitter -Base Breakdown Voltage 
(I E = 10 /iAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = 4.5Vdc, I E = 0) 


r CBO 




1.0 


nAdc 


Emitter Cutoff Current 
(V BE = 4.5 Vdc) 


! EBO 




5.0 


nAdc 


Offset Current 

( V BC =2Vdc > V CE =0 ' T A =25 ° C > 

( V BC =2VdC > V CE =0 ' T A =85 ° C > 


'(off) 




1 

10 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 mAdc, V QE = 1 Vdc) 


h FE 


50 






Offset Voltage 

(I B = 200 /iAdc, I E = 0) 


V (off) 




0.75 


mVdc 


Inverse Saturation Voltage 

(I B = 200 MAdc, I E = 50 MAdc) 


V EC(sat) 




3.0 


mVdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 1 mAdc, V CE = 1 Vdc, f = 100 MHz) 


f T 


100 




MHz 


Output Capacitance 

(V CB = 2 Vdc, I E = 0) 


C ob 




10 


pF 


Input Capacitance 

(V BE = 2 Vdc, I c = 0) 


C ib 




20 


pF 
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Switching and General Purpose Transistors 



2N2330, 2N2331 (continued) 



8 

1 7 
§ 6 



INVERSE SATURATION VOLTAGE 
versus 
EMITTER CURRENT 

















= 


25°C 
























.1, - 500 




-. 1 mA^ 










- 200 juA/ 




I- 














i 






!•= 1 


30 fx 


"J 











































20 40 60 100 200 400 600 1000 

l El EMITTER CURRENT ( M A) 

INVERSE SATURATION VOLTAGE 
versus 
BASE CURRENT 



INVERSE SATURATION VOLTAGE 
versus 
BASE CURRENT 





























25°C 


li = 


50 /xAc 


c 




T 


a = 85 


°cN 





































































20 40 60 100 200 400 600 1000 

l„ BASE ON-DRIVE CURRENT CuA) 

OFFSET VOLTAGE 

versus 
BASE CURRENT 





















li/ll = 


z0.25 




































T A = 2 


5°C 


































Ta = £ 


5°C 


> 

















































20 40 60 100 200 400 600 1000 

l„ BASE ON-DRIVE CURRENT (/xA) 

INVERSE 
SATURATION 
CHARACTERISTICS 





















v 














= 0 












25°C 




































































-T A 




B5°C 





























20 40 60 100 200 400 600 1000 

l„ BASE OFF-DRIVE CURREN1 (^A) 

OUTPUT CAPACITANCE versus COLLECTOR-BASE VOLTAGE 
and 

INPUT CAPACITANCE versus EMITTER- BASE VOLTAGE 




0.5 1.0 1.5 2.0 2.5 3.0 

V tc , EMITTER-COLLECTOR VOLTAGE (mVdc) 




C jb , INPUT CAPACITANCE 



C ob , OUTPUT CAPACITANCE 



0.1 0.2 0.4 0.6 1.0 2 4 6 10 20 30 
REVERSE BIAS (VOLTS) 
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Switching and General Purpose Transistors 



2N2368 (SILICON) V CE0 =15Vdc 

f T = 400 Mc 

ton + toff = 27 ns 




NPN silicon Annular transistor designed for high- 
speed, low-level, saturated-switching application. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

CEO 


15 


Vdc 


Collector- Emitter Voltage 


V CES 


40 


Vdc 


Collector- Base Voltage 


v 

V CB 


40 


Vdc 


Emitter- Base Voltage 


V EB 


4.5 


Vdc 


Total Device Dissipation @ = 25°C 


Pd 


0.36 


Watt 


Derate above 25°C 




2.06 


mW/°C 


Total Device Dissipation® T c = 25°C 


Pd 


1.2 


Watt 


Derate above 25°C 




6.85 


. mW/°C 


Operating Junction and Storage 


T J> T stg 


-65 to +200 


°C 


Temperature Range 









PULSE GENERATOR 
V in RISE TIME < 1 nsec 
SOURCE IMPEDANCE = 50°, 
PW^300 nsec 
DUTY CYCLE < 2% 



FIGURE 1 — STORAGE TIME TEST CIRCUIT 

890S2 

500 r ~ 



0.1 /t F 



0.1 /t F 1KJ2 



: 50052 
, 0.0023 /A F 



10/tF 



0.0023 ,JF 



TO OSCILLOSCOPE 
INPUT IMPEDANCE = 50™, 
RISE TIME ^1 nsec 


+6V 

0 

-4V 


r- 10% PULSE WAVEFORM 
\ AT POINT "A" 
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Switching and Genera! Purpose Transistors 

2N2368 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


A/lax 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
(IC = 10 mAdc, I B = 0) 


BV * 
V CEO 


15 




Vdc 


Collector -Emitter Breakdown Voltage 
(I c = 10 MAdc, Vbe= 0) 


BV CES 


40 




Vdc 


Collector -Base Breakdown Voltage 
(IC = 10 juAdc, I E = 0) 


BV CBO 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E =10/i Adc, I c = 0) 


BV EBO 


4.5 




Vdc 


Collector Cutoff Current 
(V CB = 20 Vdc, Ie = 0) 
(VCB = 20 Vdc, I E = 0, T A = 150°C) 


J CBO 




0.4 

30 


jiAdc 


ON CHARACTERISTICS 


DC Current Gain* 
(IC = 10 mAdc, V C e = 1.0 Vdc) 
(IC = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C) 
(I C = 100 mAdc, V CE = 2.0 Vdc) 


n FE* 


20 
10 
10 


60 




Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1.0 mAdc) 


V CE(sat) 




0.25 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 10 mAdc, Ib = 1.0 mAdc) 


V BE(sat) 


0.7 


0.85 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 mc) 


f T 


400 




mc 


Output Capacitance 
(Vcb = 5 -° Vdc > I E = 0, f = 140 kc) 


C ob 




4 


pF 


Storage Time (Figure 1) 
0-C = l Bl = 10 mAdc, 132 = -10 mAdc) 


ts 




10 


nsec 


Turn-On Time (Figure 2) 
(I c = 10 mAdc, I B1 = 3.0 mAdc, I B 2 = -1.5 mAdc) 


*on 




12 


nsec 


Turn-Off Time (Figure 2) 
(I c = 10 mAdc, I B1 = 3.0 mAdc, I B 2 = -1.5 mAdc) 


toff 




15 


nsec 



*PulseTest: Pulse Width = 300 /isec; Duty Cycle < 2% 



TURN-ON WAVEFORMS 



10% 
90% 



PULSE GENERATOR 
V in RISE TIME < 1 nsec 
SOURCE IMPEDANCE = 50 Q 
PW^300 nsec 
DUTY CYCLE < 2% 



FIGURE 2 — TURN-ON AND TURN-OFF TIME 
TEST CIRCUIT 

220S2 0.1 ^.F 

H( 



3.3 Kfl 
-AAAr- 



>3.3K 
), 0.0023 uF 



■ WW 



0.1 jj 



0.0023 (jjF < 



0.005 /X F 



0.1 /iF 



TO OSCILLOSCOPE 
INPUT IMPEDANCE = 50fi 
RISE TIME ^1 nsec 

TURN-OFF WAVEFORMS 



♦ toll ♦ 



V B!l =+12V 
V in = -15V 
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Switching and General Purpose Transistors 



2N2369 (SILICON) 
2N3227 




NPN silicon annular transistors for low-current, 
high-speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


40 


Vdc 


Collector- Emitter Voltage 


V CES 


40 


Vdc 


Collector- Emitter Voltage 2N2369 

OTVTOOO'7 


V CEO 


15 
20 


Vdc 


Emitter-Base Voltage 2N2369 
2N3227 


V EBO 


4.5 
6.0 


Vdc 


Collector Current (10 /isec pulse) 


^(Peak) 


500 


mA 


Total Device Dissipation 

@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


P D 


0.36 
2.06 


Watt 
mW/°C 


Total Device Dissipation 

@ 25°C Case Temperature 
Derating Factor Above 25°C 


P D 


1.2 
6.85 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



V CEO = 15-20 V 
f T = 600 Mc Typ 



SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 3 - toff CIRCUIT -10 mA 



FIGURE 1 — tc CIRCUIT — 10 mA 

270 n 




PULSE WIDTH (ti) = 300 nsec 
DUTY CYCLE = 2% 



FIGURE 2 — U CIRCUIT -100 mA 

10 V c 




o / LI 

-9.15 V 



—J U< 1 nsec _1cV< 4pf 

I (t.)= 300 nsec -X. 



FIGURE 4 -U CIRCUIT -100 mA 



- 11-4 V— J \y 

-8.6 V >— 



o — VW- 

10 V 95 O 



(ti) BETWEEN 10 AND 500 /tsec S 1N916 [ 
DUTY CYCLE = 2% 

* Total shunt capacitance of test jig and connectors. 
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Switching and General Purpose Transistors 

2N2369, 2N3227 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 20 Vdc) 2N2369 

2N3227 

(V CB = 20 Vdc, T a = 150°C) 2N2369 

2N3227 




*CBO 


III! 


0.4 
0.2 

30 
50 


H Adc 


Collector Cutoff Current 
(V CE = 20 Vdc, V 0B = 3 Vdc) 2N3227 




*cex 




0.2 


/i Adc 


Base Cutoff Current 
(V CE = 20 Vdc, V OB = 3 Vdc) 2N3227 








0.5 


li Adc 


Collector-Base Breakdown Voltage 
(I C = lOji Adc, I B = 0) 




BV CBO 


40 


- 


Vdc 


Emitter— Base Breakdown Voltage 
(I E = 10 ii Adc, I c = 0) 2N2369 

2N3227 




cv EBO 


4.5 
6.0 






Collector-Emitter Breakdown Voltage * 
(I r = 10 mAdc) 2N2369 

2N3227 




BV CEO* 


15 
20 


— 


Vdc 


Collector-Emitter Voltage 
(I c = 10 /i Adc, I B = 0) 




BV CES 


40 




Vdc 


Collector-Emitter Saturation Voltage * 
(I c = 10 mAdc, I B = 1 mAdc) Both Types 
(I c = 100 mAdc, I B = 10 mAdc) 2N3227 


11,13 


v CE(sat)* 


— 


0.25 
0.45 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, I fi = 1 mAdc) Both Types 
(I c = 100 mAdc, I B = 10 mAdc) 2N3227 


13 


V BE(sat)* 


0.70 
0.8 


0.85 
1.4 


Vdc 


DC Current Gain* 
(l r = 10 mAdc, V rP = 1.0 Vdc) 2N2369 
C CE 2N3227 

(I C = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C) 2N2369 

2N3227 

(I c = 100 mAdc, V CE = 1.0 Vdc) 2N3227 
(I c = 100 mAdc, V CE = 2 Vdc) 2N2369 


12 

12 
12 


FE 


40 
100 

20 
40 

30 

20 


120 
300 

— 
— 




Small Signal Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 mc) 




he 


5 


— 




Output Capacitance 
(Vq B - o vac, i E - u, I - 14U kc; 


5 


c ob 




4 


pf 


Input Capacitance 
(Vqb = 1 Vdc, Iq = 0, f = 140 kc) 2N3227 




c ib 




4 


Pf 


Storage Time 
(I c = I B1 = I B2 = 10 mA) 


10 






13 


nsec 


Turn-On Time 
(I c = 10 mA, I B1 = 3 mA, V cc = 3 V, V QB = 1.5 V) 


1,6 


ton 




12 ' 


nsec 


Turn- Off Time 
(I c = 10 mA, I B1 = 3 mA, I B2 = 1.5 mA, V cc = 3 V) 


3,6 


*off 




18 


nsec 


Total Control Charge 
(I c = 10 mA, I B = 1 mA, V cc = 3 V) 2N3227 


7,8 


Qt 




50 


pC 


Delay Time 


V C C = 10V, V OB = 2 V, 2N3227 
Iq= 100 mA, I BI =10 mA 


2,6 


*d 




5 


nsec 


Rise Time 


\ 




18 


nsec 


Storage Time 


V CC =10V 2N3227 
I C = 100 mA, I B1 = I B2 = 10 mA 


4,6 


t s 




13 


nsec 


Fall Time 


tf 




15 


nsec 



*Pulse Test: Pulse Width = 300 fisec, Duty Cycle = 2% 
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Switching and General Purpose Transistors 



2N2369, 2N3227 (continued) 
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Switching and General Purpose Transistors 

2N2369, 2N3227 (continued) 



FIGURE 11 — MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 




0.2 I 1 I I I I I I I ' ' ' I I I I I I I ' » ' I I I I I I I I 

0.02 0.05 0.1 0.2 0.5 1.0 2 5 10 20 

l„ BASE CURRENT (mA) 




FIGURE 13 - SATURATION VOLTAGE LIMITS FIGURE 14 - TYPICAL TEMPERATURE COEFHC'ENTS 




1 2 5 10 20 50 100 0 10 20 30 40 50 60 70 80 90 100 

l Cl COLLECTOR CURRENT (mA) l c COLLECTOR CURRENT (mA) 



8-95 



Switching and General Purpose Transistors 



2n2381 (GERMANIUM) 

2n2382 



CASE 31 

(TO-5) 




V CE o = 15-20V 
| c = 500 m A 
f T = 300 MHz mi n 



PNP germanium epitaxial mesa transistors for high- 
speed, high-current switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2381 


2N2382 


Unit 


Collector -Emitter Voltage 


v 

CEO 


15 


20 


Vdc 


Collector -Base Voltage 


v 

V CB 


30 


45 


Vdc 


Emitter -Base Voltage 


V EB 


4 


4 


Vdc 


Collector Current -Continuous 


l c 


500 


mAdc 


Total Device Dissipation @ T A = 25°C 


P D 


300 


mW 


Derate above 25°C 




4 


mW/°C 


Total Device Dissipation @ T c = 25°C 


P D 


750 


mW 


Derate above 25°C 




10 


mW/°C 


Operating and Storage Junction 
Temperature Range 


T T , T . 
J' stg 


-65 to +100 


°C 
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Switching and General Purpose Transistors 

2N2381, 2N2382 (Continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


AAin 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage 

(I c = 10 mAdc, I = 0) 2N2381 

2N2382 




BV CEO 


15 

20 


- 


- 


Vdc 


Collector-Base Breakdown Voltage 

(I p = 100 jiAdc, I = 0) 2N2381 

2N2382 




BV CBO 


30 
45 






Vdc 


Latch-Up Voltage 

2N2381 
2N2382 


7 


LV CEX 


20 
25 


_ 


_ 


Vdc 


Collector Cutoff Current 

(V CE = 30 Vdc, V BE = 0) 2N2381 

(V QE = 45 Vdc, V BE = 0) 2N2382 




X CES 






100 
100 


jiAdc 


Collector Cutoff Current 
(V CB = 5 Vdc, I E = 0) 

(V CB = 5 Vdc, I E = 0, T A = 85°C) 

(V rn = 20 Vdc, I_ = 0) 2N2381 
CB E 2N2382 




^BO 




1.0 


7 

100 

25 
15 


juAdc 


Emitter Cutoff Current 
(V BE = 0.5 Vdc, I c = 0) 

(V BE = 4 Vdc, I c = 0) 




^BO 






0. 005 
1 


mAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 200 mAdc, V CE = 0. 5 Vdc) 

(I c = 400 mAdc, V CE = 1. 0 Vdc) 


11 


h FE 


40 
25 








Collector-Emitter Saturation Voltage 
(I c = 200 mAdc, I Q = 20 mAdc) 

(I c = 400 mAdc, l Q = 40 mAdc) 


8,10 


V CE(sat) 




0.25 
0.4 


0.4 
0.7 


Vdc 


Base -Emitter Saturation Voltage 
(I c = 200 mAdc, Ig = 20 mAdc) 

(I c = 400 mAdc, Ig = 40 mAdc) 


9,10 


V BE(sat) 


0.45 


0. 54 
0.71 


0.7 
0.9 


Vdc 


DYNAMIC CHARACTERISTICS 


Current- Gain — Bandwidth Product 

(I c = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 




f T 


300 






MHz 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 4 MHz) 


13 


C ob 




3.5 


6 


pF 


Input Capacitance 

(V BE = 1 Vdc, I c = 0, f = 4 MHz) 


13 


C ib 




8 


15 


•PF 


Delay Time 


4 


*d 




4.5 


7 


ns 


Rise Time 


4 






8 


15 


ns 


Storage Time 


3,4 


*8 




20 


30 


ns 


Fall Time 


4 


h 




8 


15 


ns 


Active Region Time Constant 


M 


r A 




1.6 


3.0 


ns 
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Switching and General Purpose Transistors 

2N2381, 2N2382 (Continued) 



g 2.0 













!., = !., 
«c//3o«Ii, 














































l,„BASE CURRENT (mAdc) 

FIGURE 4 — SWITCHING TIME EQUATIONS & TEST CIRCUIT 



2 5 
In/In CIRCUIT DRIVE RATIO 



Rise Time = t- = T A /3,R = 10 to 90% Rise Time (fig. 5) 

Fall Time = t' = Ta0 c F = 10 to 90% Fall Time (fig. 6) 

0o = hff at Edge of Saturation 

/3c = Ic in Saturation / la; (Base "OFF" Current) 

0f = Ic in Saturation / In (Base "ON" Current) 



SI 



50 n 

-10.4V *-VW 



GENERATOR Z out = 50f2 
INPUT PULSE t, < 1 nsec 




250 U 

AAAr- 



FIGURE 5 — RISE TIME FACTOR 




TO SAMPLING SCOPE 
Scope t r ^ 0.7 nsec 



Scope R, 
Scope C, 



FIGURE 6 — FALL TIME FACTOR 



^ ioo Kn 

±£3 pf 

= 200mA 
„ = 40mA 
40mA 




FIGURE 7 — COLLECTOR LATCH-UP VOLTAGE AND TEST CIRCUIT 































>2N23 


52 L 


^TCH-UP TE 
LOAD LINE 


ST 






2N238l\ 





















2N2381-V CC = -20V, R L = 40fi 
2N2382-V CC = -25V, R L = 50n 
ADJUST V„ for +0.5 V at point A 
ADJUST base pulse for 5 M sec width 
ADJUST collector pulse to reduce duty cycle 55% 



PULSE GENERATOR 
HP212A 

0 




PULSE GENERATOR 
HP212A 

SLS~ 



0 5 10 15 20 25 

V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Switching and General Purpose Transistors 



2N2381, 2N2382 (Continued) 



FIGURE 8 — COLLECTOR-EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 



FIGURE 9 — BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 




2 0.6 

2 



-J 

_ 1. ~ 


















/ 


10 


















L = 25 


°C 













































































































































































0.1 0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 

l„ BASE CURRENT (mAdc) 



10 30 50 70 100 300 500 

l Cl COLLECTOR CURRENT (mAdc) 



FIGURE 10 — TEMPERATURE COEFFICIENTS 



FIGURE 11 — NORMALIZED GAIN CHARACTERISTICS 




I 100 200 300 400 

l c , COLLECTOR CURRENT (mAdc) 

FIGURE 12 — LEAKAGE CHARACTERISTICS 
COMMON EMITTER 



5 10 

1 7.0 
o 

« 5.0 

3 

Si 3.0 




Base Leakage Current. l tL is defined as 
base leakage current with both junctions 
reverse biased. I c is always less than l, L 
for VBEjoff) > V T . (V BE(off | is off condition 
base bias, V T is base voltage at threshold 
of conduction.) 






= 1 VOl 


T 














L = +85 c 
L =+25° 


C 




































































Tj = -55< 


C 













































































































0 30 50 70 100 

l Cl COLLECTOR CURRENT (mAdc) 

FIGURE 13 — JUNCTION CAPACITANCE 
versus REVERSE VOLTAGE 



£ 5 
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& 4 
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0 0.5 1.0 1.5 

V, E(o „„ BASE-EMITTER REVERSE BIAS (VOLTS) 



0.4 0.5 0.7 1.0 3.0 5.0 7.0 

REVERSE BIAS (VOLTS) 
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Switching and General Purpose Transistors 

2N2405 (SILICON) 

For Specifications, See 2N1 13 1 Data Sheet 



2N2481 (SILICON) 

2N2481 USN/JAN 
2N2481 HI-REL 



V CEO =15V 
f T = 450Mc Typ 



CASE 22 

(TO- 18) 




NPN silicon annular transistor for high-speed switch- 
ing applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


40 


Vdc 


Collector- Emitter Voltage 


V CEO 


15 


Vdc 


Emitter-Base Voltage 


v EBO 


5 


Vdc 


Total Device Dissipation 
@ 25°C Ambient Temperature 
(Derate 2.06 mW/°C above 25°C) 


P D 


0.36 


Watt 


Total Device Dissipation 
@ 25°C Case Temperature 
(Derate 6.9 mW/°C above 25°C) 


P D 


1.2 


Watts 


Junction Temperature 


Tj 


200 


°C 


Storage Temperature 


T stg 


-65 to+ 200 


°C 
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Switching and General Purpose Transistors 

2N2481 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(IC = 10 /iAdc, I E = 0) 


BV CBO 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 /iAdc, 1q = 0) 


BV EBO 


5 


— 


Vdc 


Collector- Emitter Breakdown Voltage* 
(IC = 30 mAdc, I B = 0) 


BV C EO 


15 


— 


Vdc 


Collector- Emitter Breakdown Voltage 
(I c = 1.0 ,iAdc, V BE = 0) 


BVCES 


30 


— 


Vdc 


Collector Leakage Current 
(V CE = 20Vdc, V BE = 3 Vdc) 
(V CE = 20 Vdc, V BE = 3 Vdc, T A = 150°C) 


*CEX 


— 


.050 
15 


/iAdc 


Base Leakage Current 
(V CE = 20 Vdc, V BE = 3 Vdc) 


^L 




50 


nAdc 


Emitter Cutoff Current 
(V EB = 4.0 Vdc, Ic = 0) 


^BO 


— 


100 


nAdc 


DC Forward Current Transfer Ratio 
(I c = 1.0 mAdc, V CE = 1.0 Vdc) 
(I c = 10 mAdc, V CE = 1.0 Vdc)* 
(I C = 10 mAdc, V CE = 1.0 Vdc, T A = -55°C)* 
(I c = 150 mAdc, V CE = 1.0 Vdc)* 


h FE 


25 
40 
20 
20 


120 




Collector- Emitter Saturation Voltage 
(IC = 10 mAdc, I B = 1.0 mAdc) 
(I c = 100 mAdc, I B = 10 mAdc)* 


V CE (sat) 


— 


0.25 
0.40 


Vdc 


Base-Emitter Saturation Voltage 
(IC = 10 mAdc, I B =1.0 mAdc) 
(I c = 100 mAdc, I B = 10 mAdc)* 


V BE (sat) 


0.7 


0.82 
1.25 


Vdc 


Output Capacitance 
(V C b = 5 V, I C = 0, f = 1 Mc) 


c ob 


— 


5 


Pf 


Input Capacitance 
(V EB = 0.5 V, f = 1 Mc) 







7 


Pf 


Small-Signal Forward Current Transfer Ratio 
( V CE = 10 v » X C = 10 mA » f = 100 Mc > 


h fe 


3 






Small-Signal, Short- Circuit, Input Impedance 
(Real part) 

(I C = 10 mA, V CE = 10 V, f = 250 Mc) 


h ie (real) 




60 


ohms 


Turn-On Time 

(IC = 100 mA » *B1 = 10 mA » Y BE(off) = " z v ' 
(IC = 10 mA, Ibi = 1.0 mA, V BE (off) = -2 V) 


*on 




40 
75 


nsec 


Turn-Off Time 
(IC = 100 mA, I B1 = 1Q mA, I B2 = -5 mA) 
(Ic = 10 mA, I B1 = 1.0 mA, I B2 = -0.5 mA) 


*off 




55 
45 


nsec 


Storage Time 
(Ic = 10 mA, I B1 = 10 mA, I B2 = -10 mA) 


4 s 




20 


nsec 



•Pulse width ^ 300 /tsec. Duty Cycle ^ 2% 
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Switching and General Purpose Transistors 



2N2481 (Continued) 



COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 









































Tj = 


25°C 














































lc = 


lOmAc 




| c 


= 20i 


nAdc 








| c =5 


JmAdc 




l c = 


100 m/ 


dc 



















































































































































































































2.0 3.0 
l B . BASE CURRENT (mA) 



5.0 7.0 10 



MINIMUM CURRENT GAIN CHARACTERISTICS 




5.0 7.0 10 20 

l c , COLLECTOR CURRENT (mA) 



50 70 100 200 



LIMITS OF SATURATION VOLTAGES 



TYPICAL TEMPERATURE COEFFICIENTS 




^+0.5 

\ 0 
I -0. 



I -1.0 

I 

I -1.5 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 
l c , COLLECTOR CURRENT (mA) 









tfvcfo 


V C EI„t 






(25 c 


C to 125 


°C) 
















(-5 


i°Cto2 


i°C)_ 
































(25 


Cto 12! 


°C) 








-0v B fc 


rV BE |,. 








i°Cto2 


i°C) 










) 































20 40 60 80 100 120 140 160 180 200 
l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N2481 (Continued) 



TYPICAL SWITCHING CHARACTERISTICS 



TURN-ON TIME VARIATIONS WITH VOLTAGE 



RISE TIME BEHAVIOR 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
lc, COLLECTOR CURRENT (mA) 



I I I I I I I 1- 

"TT V cc =10Vdc- 
-++ #==10 • 

Tj = 25°C . 

Tj = 125°C 



"1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c . COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N2501 (SILICON) 



V C eo = 20V 
f T =450McTyp 




NPN silicon annular transistor for high-speed switch- 
ing applications. 



CASE 22 

(TO-18) 



Collector connected to case 
MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


40 


Vdc 


Collector-Emitter Voltage 


V CEO 


20 


Vdc 


Emitter-Base Voltage 


V EBO 


6 


Vdc 


Total Device Dissipation @ 
25° C Ambient Temperature 
(Derate 2.06 mW/°C above 25°C) 


P D 


0.36 


Watts 


Junction Temperature 


T J 


+200 


°C 


Storage Temperature 


T stg 


-65 to + 200 


°C 


Total Device Dissipation @ 
25 °C Case Temperature 
(Derate 6. 9 m\V/°C above 25°C) 


P D 


1.2 


Watts 



TOTAL CONTROL CHARGE 



NORMALIZED CURRENT GAIN CHARACTERISTICS 



250 

i 

o 

^ 200 

o 

S> 

o 

o 

- 150 























% = 1 


0 
























100°C y 


= 2f 


°C- 





































2.4 




2.2 




2.0 


z 




< 


1.8 


z 


1.6 








1.4 




1.2 






s 


1.0 




0.8 






o 


0.6 


z 






0.4 








0.2 




0 

















v« 




: 1 V0 


It 














































































- +150 
























Tj = +100 




















































Tj 


= +25 
















































■ T 


— _i;t;o 


: — 



































































































l c . COLLECTOR CURRENT (mAdc) 



I,, BASE CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N2501 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



LnaracicrisTic 


Symbol 


/v\in 


Max 


1 In!* 

uniT 


Collector-Base Breakdown Voltage 


BV CBO 






Vdc 


(I c = 10 fiAdc, I E = 0) 


40 


- 




Collector-Emitter Breakdown Voltage 


BV CEO 






Vdc 


(I c = 30 mAdc, I B = 0, Pulsed) 


20 


- 




iZililltlcX ~H>ctOC DL cal\UUWll V UlUt^C 


t>v EBO 






Vdc 




6 






Collector Leakage Current 


*CEX 






nAdc 


(V CE = 20 Vdc, V BE = -3 Vdc) 


— 


25 




Base Leakage Current 


I BL 








(V CE = 20 Vdc, V BE = -3 Vdc) 


- 


25 


nAdc 


(V CE = 20 Vdc, V BE = -3 Vdc, Ta = 150°C) 




— 


50 


/iAdc 


DC Forward CurrGnt Trctnsfcr Rutio* 


n FE 








(I c - 100 ixAdc, V CE = 1 Vdc) 


20 


_ 




(I c = 1 mAdc, V CE = 1 Vdc) 




30 


- 




(I c = 10 mAdc, V CE = 1 Vdc) 




50 


150 




(I c = 10 mAdc, V CE = 1 Vdc, T A = -55°C) 




20 


— 




(I c = 50 mAdc, V CE = 1 Vdc) 




40 


- 




\\q - iuu mAdc, »CE - * vac; 4 










(1^; = 500 mAdc, Vq E - 5 Vdc) 




10 






Collector-Emitter Saturation Voltage* 


v CE(sat) 






Vdc 


(Iq = 10 mAdc, I B = 1 mAdc) 




0. 2 




(I c = 50 mAdc, I B = 5 mAdc) 




_ 


0.3 




(I c = 100 mAdc, I B = 10 mAdc) 




- 


0.4 




Base-Emitter Saturation Voltage* 








Vdc 


(1^ = 10 mAdc, I B = 1 mAdc) 




- 


0. 85 




(I c = 50 mAdc, I B = 5 mAdc) 




- 


1.0 




(Iq = 100 mAdc, I B = 10 mAdc) 






1. 2 




Output Capacitance 


C ob 






pf 


' CB = Vdc, 1 E = 0, 1 = IUU KCJ 




4 




Input Capacitance 


C ib 






pf 


(V EB = 0. 5 Vdc, Iq - 0, f = 100 kc) 




7 




Small Signal Forward Current Transfer Ratio 


h fe 






- 


(V CE = 20 Vdc, Ic = 10 mAdc, f = 100 mc) 


3. 5 






Current-Gain-Bandwidth Product 


f r 






mc 


(V CE = 20 Vdc, I c = 10 mAdc) 




350 






Charge Storage Time Constant 


r s 






nsec 


< J C = *B1 = ! B2 = 10 mAdc > 






15 




Total Control Charge 


Q T 






pico- 


(Iq = 10 mAdc, I B = 1 mAdc) 






60 


coulombs 


Active Region Time Constant 


T A 






nsec 


(I c = 10 mAdc) 






2. 5 





*Pulse Test: Pulse width § 300 jusec, duty cycle S 2% 

COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 





















i 
















lc/l.= 

L = 


= 10 
= 25°C 






























































































\ 






c - 


1 


)0mA 


























































































c 


- 10mA 




c — 


50tr 


A 






































- 











































_ 0.6 
o 

0.5 

< 

° 0.4 

o 
o 

d 0.3 



1 10 
I,, BASE CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N2501 (Continued) 



5 1.6 
o 

!□ 1.2 



BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 



T, = 25°C 
l c /U = 10 



1.0 

? 0.5 

E. 

I 0 
k-0.5 



? -2.0 

2 



COLLECTOR CURRENT (mAdc) 



-3.0 
0. 



TEMPERATURE COEFFICIENTS 











1 

/l,= 10 
1 
















— V 


ct 




if 


*yc(2J 


to 


0( 


°C 


II 
























0vc(- 


-55 


to 


2 


5 C 


C) 






























1 


- n 


"♦1 
























K: 


























< 


VI 

































.2 1 10 50 100 

l Cl COLLECTOR CURRENT (mAdc) 



ACTIVE REGION TIME CONSTANT 




1.0 10 
l c , COLLECTOR CURRENT (mAdc) 



COMMON EMITTER DC 
LEAKAGE CHARACTERISTICS 



10.0 

; 5.0 



2 0.1 
5 0.05 



- 0.01 
0.005 



V CE = +20V 




1 












Tj = 


150°C 








f 

/ 

—t-\ 






T — 




















-F=\ 
/ 




THRESHC 


LD VOLT 


LGE 




















i — 
/ 




-L = 2 


5°C 






/ 

/ 

L. 















+0.5 0 -0.5 -1.0 -1.5 -2.0 -2.5 
V OB , BASE-EMITTER REVERSE BIAS (VOLTS) 



RISE TIME FACTOR 



FALL TIME FACTOR 





8-106 



Switching and General Purpose Transistors 



2N2537 thru 2N2 540 (SILICON) 





V CEO = 30V 
f T = 400 AAcTyp 




NPN silicon annular Star transistors for high-speed 
switching. 



CASE 22 

(TO-18) 

2N2539 
2N2540 



CASE 31 

(TO-5) 

2N2537 
2N2538 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2537 
2N2538 
(TO-5) 


2N2539 
2N2540 
(TO-18) 


Unit 


Collector-Base Voltage 


V CBO 


60 


60 


Vdc 


Collector- Emitter Voltage 


V CEO 


30 


30 


Vdc 


Collector- Emitter Voltage 


V CER 


40 


40 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


5 


Vdc 


Total Device Dissipation 
25°C Case Temperature 
Derate above 25° C 


P D 


3 

17.2 


1.8 
10.3 


Watts 

mW/°C 


Total Device Dissipation 

25° C Ambient Temperature 
Derate above 25 °C 


P D 


0.8 
4.57 


0.5 
2.«6 


Watts 

mW/°C 


Junction Temperature 


Tj 


-65 to +200 


°C 


Storage Temperature 


T stg 


-65 to + 200 


°C 



TOTAL CONTROL CHARGE TEST CIRCUIT 



+8.3V 



4-30 pf 



500 
Hq Relay 



* ADJUST INPUT FOR 0 TO +8.3V 
PULSE AT POINT "A" 
TRANSITION TIME ^2 nsec 



+15.2 Vdc 



TO OSCILLOSCOPE 
RISE TIME ^ 5 nsei 
Zi„ = 10 MQ 



10% f\J_5pmV max 



— 10 nsec max 
Output Waveform 



ACTIVE REGION TIME CONSTANT TEST CIRCUIT 



+8.3V 



INPUT TRANSITION 
TIME ^ 2 nsec » 
IMPEDANCE — 50Q 
OUTPUT 



+15.2 Vdc 



- — GROUND PLANES 



TO OSCILLOSCOPE 
RISE TIME ^ 5 nsec 
Z in = 10 Mn 




flo In / go \ 
Pf \ /So -O.90r / 



Po — hpE at Edge of Saturation 
/3c = Ic in Saturation / U 2 (Base "OFF" Current) 
Pt — Ic in Saturation / Im (Base "ON" Current) 
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Switching and General Purpose Transistors 

2N2537 thru 2N2540 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



v. lid l at l er loll v 


oymDOi 


Min 


MdX 


Unit 
UNIT 


Collector Cutoff Current 
(V CB = 40 Vdc, I E = 0) 
(V CB = 40 Vdc, I E = 0, = 150° C) 


^BO 




0.250 
200 


/lAdc 


Emitter Cutoff Current 
(V EB = 3 Vdc, I C = 0) 


r EBO 




0.05 


/xAdc 


Collector Cutoff Current 
(V BE = 0. 2 Vdc, Vq E = 20 Vdc) 


*CEX 




0. 250 


/lAdc 


Base Cutoff Current 
' BE = Vdc, V^g - &v Vac; 
(V BE = 0. 2 Vdc, V CE = 20 Vdc, T A = 150° C) 


%L 


- 


0. 250 
200 


/iAdc 


Collector -Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


BV CBO 


60 


- 


Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 100 mAdc, pulsed, I B = 0) 


BV CE0 


30 




Vdc 


Collector-Emitter Breakdown Voltage 
(I r = 100 mAdc, pulsed, R RF i 10 fi) 


BV CE R 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /xAdc, I c = 0) 


bv ebo 


5 




Vdc 


Collector Saturation Voltage * 
(IC = 150 mAdc, Ib = 15 mAdc) 
(I c = 500 mAdc, I B = 50 mAdc) 


v CE(sat) 




0.45 
1.6 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) * 
(Iq - 500 mAdc, I B = 50 mAdc) 


V BE(sat) 




1.3 
2. 6 


Vdc 


DC Forward Current Transfer Ratio 
(I c = 1 mAdc, V CE = 10 Vdc) 2N2537, 2N2539 

2N2538, 2N2540 

(I C = 10 mAdc, V CE = 10 Vdc) 2N2537, 2N2539 

2N2538, 2N2540 

(I c = 150 mAdc, V CE = 10 Vdc)* 2N2537, 2N2539 

2N2538, 2N2540 

(I c = 500 mAdc, V CE = 10 Vdc)* 2N2537, 2N2539 

2N2538, 2N2540 


h FE 


20 
35 
30 
50 
50 
100 
20 
30 


— 

150 
300 


- 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


c ob 




8 


Pf 


Input Capacitance 
(V EB = 0. 5 Vdc, I C = 0, f = 100 kc) 


Gib 




25 


Pf 


Small Signal Forward Current Transfer Ratio 
(V C E = 20 Vdc, I C = 20 mAdc, f = 100 mc) 


h fe 


2.5 







*Pulse Test: Pulse width ^ 300 /isec, duty cycle ^ 2% 
SWITCHING CHARACTERISTICS 



Characteristic 


Symbol 


Max. 


Unit 


Total Control Charge 


Q T 


750 


pico- 
coulombs 


Storage Time 
(I c = I B1 = I B2 = 20 mAdc, V cc = 5 V) 


T S 


20 


nsec 


Active Region Time Constant 
(See Figure 2) 


T A 


2.0 


nsec 


Turn-on Time 

(*B1 = *B2 = I 5 niAdc, Ic = 150 mAdc, 
. Vcc = 7 Vdc, Rl = 40 S2) 


*on 


40 


nsec 


Turn-off Time 
(*B1 = %2 = 15 mAdc » Ic = 150 mAdc, 
V C C = 7 Vdc, R L = 40 S2) 




40 


nsec 
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Switching and General Purpose Transistors 



2N2635 (GERMANIUM) 



Vceo = 15V 
lc = 100 mA 
fr= ISOMHzmin 




PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 



CASE 22 

(TO- 18) 



Collector connected to case 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


30 


Vdc 


Collector- Emitter Voltage 


V CEO 


15 


Vdc 


Emitter-Base Voltage 


v EBO 


2.5 


Vdc 


Collector Current (Continuous) 


l c 


100 


mAdc 


Junction Temperature 




+100 


°C 


Storage Temperature 


T stg 


-65 to +100 


°C 


Device Dissipation (3 25°C 
Ambient Temperature 
(Derate 2mW/°C above 25°C) 


P D 


150 


mW 



SWITCHING TIME TEST CIRCUIT 




SCOPE 

t r ^ 3.5nsec 
R IN ^ lOOKji 
C 1N ^3pf 
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Switching and General Purpose Transistors 

2N2635 (Continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


A/lin 


Typ 


Max 


Unit 


Collector— Bs.se Breakdown Voltage 
(Iq = 100 n Adc, I E = 0) 


DV CBO 


30 


50 




Vdc 


Collector- Emitter Breakdown Voltage 
(IC = 2 mAdc, I B = 0) 


BV CEO 


15 


30 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I £ = 100 /iAdc, I c = 0) 


EBO 


2.5 


4.5 




Vdc 


Collector-Base Cutoff Current 
(V CB = 25V, I E = 0) 
(VcB = 25V, I E = 0, T A = +55°C) 


^BO 




1 

5 


5 

20 


/i Adc 


Emitter-Base Cutoff Current 
(V £B = IV, I C = 0) 


J EBO 




2 


20 


^Adc 


Static Forward Current Transfer Ratio 
(I C = 10 mA, V CE = 0.5V) 
(I c = 50 mA, V CE = IV) 
(I C = 50 mA, VCE = IV, T A = -55°C) 
(I c = 100 mA, V CE = IV) 


h FE 


30 
45 
25 
30 


— 


300 




Base- Emitter Voltage 
(I c = 10 mA, I B = 0.5 mA) 

\LQ — OU mA, lg - Ci.%) IUt\) 

(IC = 50 mA, I B = 2.5 mA, T A = -55°C) 
(I c = 100 mA, I B = 10 mA) 


v BE 


--- 
--- 


0.36 
0.47 
0.56 
0.57 


0.45 
0.70 
0.85 
0.90 


Vdc 


Collector-Emitter Saturation Voltage 

(l - 1H m A T - 0 t\ mAl 

\*q ~ m/v, ijg — u ,«j m/iy 

(Iq = 50 mA, I B = 2.5 mA) 

{Iq = OU mA, i B = <2.0 mA, T A = +DD L) 

(Iq = 100 mA, I fi = 10 mA) 


V CE (sat) 


--- 




0.13 
0.20 
0.22 
0.23 


0.20 
0.40 

U.4D 

0.75 


Vdc 


Small-Signal Forward Current Transfer Ratio 
d c = 30 mA, V C £ = 2V, f = 100 mc) 


l h fe| 


1.5 




... 


— 


Collector Output Capacitance 
(V CB = 5 V, I E = 0, f = 1 mc) 


C ob 




2.5 


5 




Input Capacitance 
(V EB = IV, I C = 0,f = 1 mc) 


c ib 






4 


P* 


Delay Time 


*d 




15 


20 


nsec 


Rise Time 


*r 




20 


30 


nsec 


Storage Time 


fc s 




100 


185 


nsec 


Fall Time 


*f 




35 


65 


nsec 
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Switching and Genera/ Purpose Transistors 

2N 2800 (SILICON) 

2N2801 

2N2837 
2N2838 





Vceo = 35V 
| c = 800 m A 
f T = 120 Mc 



PNP silicon annular transistors for medium- speed 
switching applications. 



CASE 22 CASE 31 

(TO-18) (TO-5) 

2N2837 2N2800 
2N2838 2N2801 

Collector connected to case 

MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Collector- Base Voltage 


V CBO 


50 


Vdc 


Collector-Emitter Voltage 


V CEO 


35 


Vdc 


Emitter- Base Voltage 


v 

V EBO 


5 


Vdc 


Collector Current 


l C 


800 


mA 


Total Device Dissipation 

@ 25°C Ambient Temperature 
2N2800, 2N2801 - TO-5 
Derating Factor Above 25°C 


P D 


0.8 
4. 57 


Watt 
mW/°C 


2N2837, 2N2838 - TO-18 
Derating Factor Above 25°C 




0.5 
2.86 


Watt 
mW/°C 


Total Device Dissipation 

@ 25°C Case Temperature 
2N2800, 2N2801 - TO-5 
Derating Factor Above 25°C 


P D 


3 

17.3 


Watts 
mW/°C 


2N2837, 2N2838 - TO-18 
Derating Factor Above 25°C 




1.8 
10.3 


Watts 

mW/°C 


Junction Temperature, Operating 


T J 


+200 


°C 


Storage Temperature 


T 

stg 


-65 to +200 


°c 



DELAY AND RISE TIME TEST CIRCUIT STORAGE AND FALL TIME TEST CIRCUIT 

+ 15V +10V INPUT +18.9V +10V 
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Switching and General Purpose Transistors 

2N2800, 2N2801, 2N2837 f 2N2838 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 


BV CBO 


50 




Vdc 


Emitter- Base Breakdown Voltage 
(I £ = 100 M Adc, I c = 0) 


BV EBO 


5 




Vdc 


Collector- Emitter Breakdown Voltage 
(I c = 100 mAdc, I B = 0) 


BV CEO 


35 




Vdc 


Collector Cutoff Current 

(V C£ = 25 Vdc, V BE = 0.5 Vdc) 


! CEX 




100 


nAdc 


Base Cutoff Current 

(V C£ = 25 Vdc, V B£ - 0. 5 Vdc) 


! BL 


" 


100 




DC Forward Current Transfer Ratio 
(I c = 0. 1 mAdc, V CE = 10 Vdc) 

2N2800, 2N2837 
2N2801 , 2N2838 

tt c = 150 mAdc, V C£ = 10 Vdc)* 

2N2800, 2N2837 
2N2801 , 2N2838 

it _ ten A J« \T _ 1 Vfln\* 

\Iq - lou mAuc, eg ~ vac 

2N2800, 2N2837 
2N2801, 2N2838 

(I c = 500 mAdc, V CE = 10 Vdc)* 

2N2800, 2N2837 
2N2801, 2N2838 


h FE 


20 
30 

30 

75 

15 
30 

25 
40 


: 

90 
225 

- 


- 


Collector Saturation Voltage 

(I c = 150 mAdc, I B = 15 mAdc) 

(I c = 500 mAdc, Ig = 50 mAdc) 


V CE(sat) 




0.4 
1.2 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 

(I c = 500 mAdc, I g = 50 mAdc) 


V BE(sat) 




1.3 
1.8 


Vdc 


Output Capacitance 

(V CB = 10 Vdc, f = 100 kc) 


C ob 




25 


Pf 


Current-Gain — Bandwidth Product 

(I c =50mAdc, V CE =10Vdc, f = 100 mc) 


f T 


120 




mc 



SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Typical 


Maximum 


Unit 


Delay Time 


l d 


9 


25 


nsec 


Rise Time 


t 

r 


25 


45 


nsec 


Storage Time 


l s 


100 


225 


nsec 


Fall Time 


l f 


30 


45 


nsec 



♦Pulse Test: Pulse Width S 300 ^isec, duty cycle ? 2% 
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Switching and General Purpose Transistors 



2N2832 (GERMANIUM) 

2n2834 



V CEO = 50-100V 
l c = 20 A 
P D = 85 W 




CASE 3 

(TO-3) 



MAXIMUM RATINGS 



PNP germanium transistors for switching and am- 
plifier applications. 



Collector connected to case 



Characteristic 


Symbol 


2N2832 


2N2834 


Unit 


Collector-Base Voltage 


V CBO 


80 


140 


Volts 


Collector- Emitter Voltage 


V CEO 


50 


100 


Volts 


Emitter -Base Voltage 


V EBO 


2 


2 


Volts 


Collector Current (Continuous) 


*C 


20 


20 


Amps 


Base Current (Continuous) 


% 


5 


5 


Amps 


Power Dissipation 


p c 


85 


85 


Watts 


Junction Operating Temperature Range 


T i 


-65 to +110° 


°C 
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Switching and General Purpose Transistors 



2N2832, 2N2834 (Continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Cutoff Current* 
(V CB = 2V, I E = 0) 
(V CB = 80V, I E = 0) 
(V CB = 140V, I E = 0) 


All Types 

2N2832 

2N2834 


^BO* 


— 


... 


0.3 
10 
10 


mA 


Collector- Emitter Current* 
(v CE = 100V, v BE = 0) 
(V CE = 160V, V BE = 0) 


2N2832 
2N2834 


*CES* 


— 


... 


20 
20 


mA 


Collector-Emitter Cutoff Current** 
(V C£ = 50V, V B£ = 0.2V, T c = +85°C) 2N2832 
(V CE = 100V, V BE = 0.2V, T c = +B5°C) 2N2834 


l CEX** 


... 


... 


40 
40 


mA 


Emitter-Base Breakdown Voltage 
(I E = 50mAdc, I c = 0) 


BV EBO 


2 


... 


... 


Vdc 


Collector- Emitter Breakdown Voltage** 
(I E = 100 mA, I B = 0) 


2N2832 
2N2834 


BV CEO(sus)** 


50 
100 


... 




Volts 


Emitter Floating Potential* 
(V CB = 80V, I E = 0) 
(V C B = 140V, I E = 0) 


2N2832 
2N2834 


VEBF* 






0.5 
0.5 


Volts 


DC Current Transfer Ratio 
(IC = 1.0 A, V CB = 2V) 
(I C = 10A, V CB = 2V) 


n FE 


50 
25 


75 


100 


... 


Collector- Emitter Saturation Voltage 
(I c = 1.0 Adc, I B = 100 mAdc) 
(I c = 10 Adc, I B = 1.0 Adc) 
(I c = 20 Adc, I B = 2.0 Adc) 


V CE(sat) 




... 


0.15 
0.30 
0.5 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 1 A, I B = 100 mAdc) 
(I r = 10 A, I B = lAdc) 
(IC = 20 A, I B = 2 Adc) 


V BE(sat) 


... 





0.6 

0.75 

1.0 


Vdc 


Small Signal Current Gain 
(I c = 1.0 A, V CE = 10 V, f= 5mc) 


*fe 


2 


3.5 






Rise Time 


t 

r 




2 


4 


/usee 


Storage Time 


t 

s 




3 


6 


Msec 


Fall Time 






1 


2.5 


juseo 



* SWEEP TEST: 1/2 Sine Wave, 60 cps min 
** PULSE TEST: PW = 1 msec, 2% Duty Cycle 



SWITCHING TIME TEST CIRCUIT 



MERCURY SWITCH 



Q SCOPE O 

—I — wv\ — L 



o.in 



Characteristic 


Sym 


Max 


Unit 


Rise Time 


t, 


4 


/isec 


Storage Time 


t, 


6 


/isec 


Fall Time 


t, 


2.5 





ADJUST R„ R„ R„ for l„ = l„ = 0.1 l c 

PULSE CONDITIONS; l c = 5 AMP, l„ = 0.5 AMP 

Switching times shown are for constant current drive conditions. 
Faster times can be realized by the use of a lower source impedance 
or a speed-up capacitor. 
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Switching and General Purpose Transistors 

2N2837 (SILICON) 

2n2838 

For Specifications, See 2N2800 Data Sheet 



2N2904, A thru 2N2907, A (SILICON) 
2N2904 thru 2N2907 USA/JAN and 

HI-REL 
2N3485, A, 2N3486, A 




V CEO = 40-60 V 
l c = 600 mA 
f T = 200Mc 





PNP silicon annular Star transistors for high-speed 
switching, complementary circuitry and DC to VHF 
amplifier applications. 

Collector connected to case 



CASE 31 CASE 22 CASE 26\\\ 

(TO-5) (TO- 18) (TO-46) \V 

2N2904, A 2N2906, A 2N3485, A 
2N2905,A 2N2907, A 2N3486, A 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


60 


Vdc 


Collector-Emitter Voltage 

2N2904-2N2907, 2N3485, 2N3486 
2N2904A-2N2907A, 2N3485A, 2N3486A 


v 

v CEO 


40 
60 


Vdc 


Emitter-Base Voltage 


VEBO 


5 


Vdc 


Collector Current 


*c 


600 


mAdc 


Total Device Dissipation @ T c = 25°C 

TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 


P D 


3 

17.2 


W 
mW/°C 


TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
DERATING FACTOR 




1.8 
10. 3 


W 
mW/°C 


TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 




2 

11.43 


W 
mW/°C 


Total Device Dissipation @ T^ = 25°C 

TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 


P D 


600 
3.43 


mW 
mW/°C 


TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 




400 
2. 28 


mW 
mW/° C 


Operating Junction Temperature Range 


Tj 


-65. to +200 


°C 


Storage Temperature Range 


T . 
stg 


-65 to +200 


°c 
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Switching and General Purpose Transistors — 

2N2904 f A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

(V CB = 50 Vdc, I E = 0, T A = 150°C) 


2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 
2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 


*CBO 


™ 

::: 


.020 

20 
10 


//Adc 


Collector Cutoff Current 
(V CE = 30V, V BE = 0.5 V) 


! CEX 


— 


50 




Base Cutoff Current 
(V CE =30V, V BE =0.5V) 


J BL 




50 




Collector-Base Breakdown Voltage 
(I c = 10 Adc, I E = 0) 


B v CBO 


60 




Vdc 


Collector-Emitter Breakdown Voltage* 
(1q = 10 mAdc, I B = 0) 


2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 


BV CEO* 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I B = 10 Adc, Ic = 0) 


BV EBO 


5 




Vdc 


Collector Saturation Voltage* 
(Ic = 150 mAdc, I B = 15 mAdc) 
(I c = 500 mAdc, I fi = 50 mAdc) 


V CE(sat)* 




0.4 
1.6 


Vdc 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc. l„ = 15 mAdc)* 
(Ic = 500 mAdc, Ig = 50 mAdc) 


V BE(sat)* 




1.3 
2.6 


Vdc 


DC Forward Current Transfer Ratio 
(Ic = 0.1 mAdc, V CE = 10 Vdc) 


2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


h FE 


20 
35 
40 
75 


— 


— 


(I c = 1.0 mAdc, V CE = 10 Vdc) 


2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 




25 
50 
40 
100 


::: 




(I c = 10 mAdc, V CE = 10 Vdc) 


2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 




75 
40 


__. 




(I c = 150 mAdc, V C E = 10 Vdc)* 2N2904, 2N2904A, 2N2906, 2N2906A, 2N3485, 2N3485A 
2N2905,"2N2905A, 2N2907, 2N2907A, 2N3486, 2N3486A 




40 


120 




(I C = 500 mAdc, V CE = 10 Vdc)* 


2N2904, 2N2906, 2N348b 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 




20 
30 
40 

50 


... 




Output Capacitance 
(V CE = 10 Vdc, I E = 0, f = 100 kc) 


c ob 




8 


Pi 


Input Capacitance 
(V fiE = 2 Vdc, I c = 0, f = 100 kc) 


C ib 




30 


Pi 


Current-Gain — Bandwidth Product 
(I c = 50 mAdc, V CE = 20 Vdc, f = 100 mc) 


f T 


200 




mc 



SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Delay Time 


t d 


6 


10 


nsec 


Rise Time 


*r 


20 


40 


nsec 


Turn-On Time 


4 on 


26 


45 


nsec 


Storage Time 


*s 


50 


80 


nsec 


Fall Time 


*f 


20 


30 


nsec 


Turn-Off Time 


*off 


70 


100 


nsec 


Total Switching Time 


Hotal 


12 




nsec 



*Pulse Test: Pulse Width = 300 jusec; Duty Cycle < 2% 
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Switching and General Purpose Transistors 



2N2904, A-2N2907, A and 2N3485, A f 2N3486, A (Continued) 



SATURATED TURN-ON 



SATURATED TURN-OFF 



SWITCHING-TIME TEST CIRCUIT SWITCHING-TIME TEST CIRCUIT 



-30V 

200 n I • 



°i_r ° 



son 3 [ 



37 n I * 




NON-SATURATED SWITCHING-TIME 
TEST CIRCUIT 



L, -Tz=f-:; 
V - 



1 -^/V 1 

1 K 


/ 

•4.7K 


-r-)l — • 

.01 „f 

i i ; ioo n j 


„ Pt.A l 



CAPACITANCE VARIATIONS versus VOLTAGE 



ACTIVE REGION TIME CONSTANT 
versus COLLECTOR CURRENT 




















\ 


















\ 


\^ 


v cc = 


30V 












V cc = 5 


^ 











0.1 0.2 0.4 0.6 1.0 2 4 6 10 20 40 
REVERSE BIAS (VOLTS) 



TOTAL CONTROL CHARGE versus BASE CURRENT 



i 6 10 20 40 60 100 200 400 

l c , COLLECTOR CURRENT (mAdc) 

CURRENT GAIN-BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT 





6.0 


s 






4.0 


o 




s 

z 


2.0 


z 






1.0 






o 


0.6 






z 


0.4 










o 


0.2 








0.1 



= 


-10 


















:25'C 











































































































4 6 10 20 40 60 




l„ BASE CURRENT (mAdc) 

CURRENT GAIN versus COLLECTOR CURRENT 



4 6 10 20 40 
l c . COLLECTOR CURRENT (mAdc) 




: , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors — 

2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 



COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 




o l II 1 1 I I I I I 111 | I I I 

.06 0.1 1.0 10 100 

l„ BASE CURRENT (mAdc) 




_C 0 I I 1 I 1111 I I 111 | 1 I I 

.06 0.1 1.0 10 100 

l„ BASE CURRENT (mAdc) 



BASE SATURATION VOLTAGE 
versus BASE CURRENT TEMPERATURE COEFFICIENTS 
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Switching and General Purpose Transistors 

2N2955 (GERMANIUM) 

™, V CE o=18-25V 
2Ni¥dO I c = 100 mA 



2N 



2957 f T = 350-400 MHz (typ) 




.PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


40 


Vdc 


Emitter- Base Voltage 


V EBO 


3.5 


Vdc 


2N2955 

Collector -Emitter Voltage 2N2956 
2N2957 


V CEO 


25 
20 
18 


Vdc 


Collector Current 


J C 


100 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


T STG 


-65 to +100 


°C 


Total Device Dissipation at 25°C 

Case Temperature 

(Derate 4 mW/°C above 25°C) 


PD 


300 


mW 


Total Device Dissipation at 25°C 
Ambient Teniperature 
(Derate 2 mW/°C above 25°C) 


P D 


150 


mW 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 100 /uAdc, I E = 0) 




B v CBO 


40 


60 




Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 /xAdc, Ic = 0) 




BV EB0 


3.5 


5 




Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, Emitter-Base 2N2955 
Termination - Open) 2N2956 

2N2957 


8 


BV CEO 


25 
20 
18 


35 
28 
25 




Vdc 


Collector-Emitter Reverse Current 
(V C e = 25 Vdc, V EB = 0.5 Vdc) 




Z CEX 






10 


/x Adc 


Base Leakage Current 
(V CE = 25 Vdc, V EB = 0.5 Vdc) 


9 








10 


/iAdc 
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Switching and General Purpose Transistors 



2N2955, 2N2956, 2N2957 (Continued). 
ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Fig. No. 


Symbol 


Min 


Typ 


Max 


Unit 


On Characteristics 


Forward Current Transfer Ratio 






h 

"FE 










(Iq = 10 mAdc, V CE = 1 Vdc) 


2N2955 


l 


20 


43 







2N2956 


2 




30 


64 








2N2957 


3 




60 


105 


— 




(I r = 50 mAdc, V rp = 1 Vdc) 


2N2955 






20 


43 


60 




2N2956 






40 


76 


120 






2N2957 






100 


130 







(IC= 100 mAdc, V CE = 1 Vdc) 


2N2956 






30 


69 







2N2957 






60 


115 







Collector- Emitter Saturation Voltage 






v CE(sat) 








Vdc 


(Iq = 10 mAdc, I B = 1 mAdc) 


2N2955 


5 




0.12 


0.20 




2N2956 


6 







0.12 


0.18 






2N2957 


7 







0.09 


0.15 




(Iq = 50 mAdc, I B = 5 mAdc) 


2N2955 








0.20 


0.30 




2N2956 









0.16 


0.25 






2N2957 






--- 


0.13 


0.20 




(IC = 100 mAdc, I B = 10 mAdc) 


2N2956 








0.23 


0.34 




2N2957 








0.18 


0.26 




Base-Emitter Voltage 




4 


V BE 








Vdc 


(I c = 10 mAdc, I B = 1 mAdc) 


2N2955 






0.38 


0.50 




2N2956 








0.37 


0.47 






2N2957 








0.36 


0.44 




(I c = 50 mAdc, I B = 5 mAdc) 


2N2955 








0.51 


0.65 




2N2956 








0.48 


0.60 






2N2957 








0.45 


0.55 




(IC = 100 mAdc, I B = 10 mAdc) 


2N2956 








0.56 


0.70 




2N2957 








0.52 


0.65 





Transient Characteristics 



Output Capacitance 
(V CR = 5 Vdc, I E = 0, f = 1 mc) 


10 


C ob 




2.5 


4 


pf 


Input Capacitance 
(V EB = 1 Vdc, I C = 0, f = 1 mc) 


10 






3.3 




Pf 


Small Signal Forward Current 
Transfer Ratio (V CE = 5 Vdc, 
I c = 10 mAdc, f = 100 mc) 


2N2955 
2N2956 
2N2957 




IWel 


2 

2.5 
3 


3.5 

3.75 

4.0 






Delay Time 
(V cc =12 Vdc, Ics = 50 mAdc, 
I B1 = 5 mAdc, V BE (Off) = 2.2 Vdc) 


12 


*d 




7 


15 


nsec 


Rise Time 
(same conditions as t^) 


2N2955 
2N2956 
2N2957 


12,13 


*r 




25 
18 
15 


40 
30 
25 


nsec 


Storage Time 
(Vcc = 12 vd c> ICS = 50 mAdc, 
Ig-^ = 5 mAdc, I B 2 = 5 mAdc) 


2N2955 
2N2956 
2N2957 


12,16 


ts 




28 
37 
42 


40 
55 
60 


nsec 


Fall Time 
(same conditions as t s ) 


2N2955 
2N2956 
2N2957 


12,15 


tf 




25 
18 
18 


40 
35 
35 


nsec 


Total Control Charge 
(I c = 10 mAdc, I B = 1 mAdc) 


2N2955 
2N2956 
2N2957 


17 


Qt 




84 
88 
88 




pc 


Active Region Time Constant 
(I c = 10 mAdc) 


14 


T A 




2.9 




nsec 
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Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued) 
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Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued) 



COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT 
FIGURE 5 -2N2955 



































1 i 1 

Tj = 25°C 
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2 
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0.6 0.8 1.0 2.0 
l„ BASE CURRENT (mAdc) 



FIGURE 6 -2N2956 
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0.6 0.8 1.0 2.0 
l„ BASE CURRENT (mAdc) 



FIGURE 7 -2N2957 
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l„ BASE CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued) 





FIGURE 9 — COMMON EMITTER DC LEAKAGE CHARACTERISTICS 

BASE LEAKAGE CURRENT TEST CIRCUIT 



0.5 1 1.5 2 2.5 

V 01) BASE-EMITTER REVERSE BIAS (VOLTS) 



Base Leakage Current. I, L is defined as 
base leakage current with both junctions 
reverse biased. I c is always less than l, L 
tor V 0 i > V T . (V ol is off condition base 
bias, V r is base voltage at threshold of 
condition.) 



FIGURE 10- JUNCTION CAPACITANCE versus REVERSE BIAS 

5.0 



FIGURE 11 - TEMPERATURE COEFFICIENTS 



4.0 6.0 8.0 10 12 14 16 18 20 
REVERSE BIAS (VOLTS) 



1.5 

0 1-0 
> 

1 5 

z 

I 0 

o 

Z3 

S-1.0 
2: 

*" -1.5 
-2.0 





lc/1. 


= 10 
































f CE (sat 


) 


























































V IE (sa 


) 








Gv, 



































10 20 30 40 50 60 70 80 90 100 
l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued) 



FIGURE 12 — SWITCHING TIME TEST CIRCUIT 



FIGURE 13 - RISE TIME FACTOR 



GENERATOR 
Zour = 50n 
INPUT PULSE: 

t r = t, ^ 1 nsec 
INPUT PULSE WIDTH: 

100 nsec (50% DUTY CYCLE) 



50 mAdc 
5 mAdc 
In = - 5 mAdc 
V, E(0ff) = +2.2Vdc 



°~L_r 





I I I I I I I I 

RISE-TIME = t, = ta /3 f R 
t, = 10 to 90% rise-time 
ta = active region time constant 
/3 F = lc in saturation/I,, (base "on" current) 
p Q = h fE at edge of saturation 



4.0 0.6 8.0 10 20 

/9o//*f 
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Switching and General Purpose Transistors 



2n2958 (SILICON) 

2N 2959 
2n3115 
2n3116 




NPN silicon annular Star transistors for high-speed 
switching and amplifier applications. 



2N2958 2N3115 
2N2959 2N3116 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N2958 
2N2959 
(TO-5) 


2N3115 
2N3116 
(TO-18) 


Unit 


Collector-JBase Voltage 


v CBO 


60 


60 


Vdc 


Collector- Emitter Voltage 


v CEO 


20 


20 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


5 


Vdc 


Collector-Current 


l C 


600 


600 


mAdc 


Total Device Dissipation 
25°C Case Temperature 
Derate above 25°C 


P D 


3 
20 


1.8 

12 


Watts 
mW/°C 


Total Device Dissipation 

25°C Ambient Temperature 
Derate above 25°C 


P D 


0.6 
4.00 


0.4 
2.67 


Watts 
mW/°C 


Junction Temperature 


T J 


-65 to +175 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 




V CEO = 20V 
lc = 600 m A 
f T = 400Mc Typ 
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Switching and General Purpose Transistors 

2N2958, 2N2959, 2N31 15, 2N31 16 (Continued) 



ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V C B = 50 Vdc, I £ = 0) 
(V CB = 50 Vdc, I E = 0, T A = 150°C) 


X CBO 





0.025 
15 


u Adc 


Collector Cutoff Current 
(V CE = 30 Vdc, V BE = -0.5 Vdc) 


X CEX 




.050 


u Adc 


Base Cutoff Current 
(V CE = 30 Vdc, V BE = -0.5 Vdc) 


*BL 





.050 


u Adc 


Collector-Base Breakdown Voltage 
(I c = 10 pAdc, I E = 0) 


BVcBO 


60 





Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc, pulsed, I B = 0) 


BV CEO* 


20 





Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 h Adc, Iq = 0) 


BV EBO 


5 


--- 


Vdc 


Collector Saturation Voltage* 
(I c = 150 mAdc, I B = 15 mAdc) 


V CE (sat)* 




0.5 


Vdc 


Base- Emitter Saturation Voltage* 
(I c =150 mAdc, I B = 15 mAdc) 


V BE (sat)* 




1.3 


Vdc 


DC Forward Current Transfer Ratio 
(Iq = 150 mAdc, 2N2958, 2N3115 
V CE = 10 Vdc ) 2N2959, 2N3116 


n FE 


40 
100 


120 
300 


... 


Common-Base Open Circuit Output Capacitance 
(V CB = 10 V, I E = 0, f = 100 kc) 


C ob 




8 


pf 


Delay Time 
(Vcc = 30 V, I cs = 150 mA, I B1 = 15 mA) 


*d 




20 


nsec 


Rise Time 

(Vcc = 30 v » IqS = 150 mA ' l Bl = 15 mA ) 


*r 




75 


nsec 


Storage Time 
(V C c = 6 V, leg = 150 mA > X B1 = +15 mA ' 
Ig2 = -15 mA) 


*8 




300 


nsec 


Fall Time 

(V cc = 6 V, Ics = 150 mA > ^l = +15 mA » 
I fi 2 = -15 mA) 


*f 




200 


nsec 


Current Gain- Bandwidth Product 
(I c = 20 mA, V CE = 20 V, f = 100 mc) 




250 




mc 



•PULSE TEST: Pulse width ^ 300 usee, duty cycle ^ 2% 
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Switching and General Purpose Transistors 

2N3019 (SILICON) 

2n3020 




NPN silicon annular transistors designed for high- 
current, high-frequency amplifier applications. 



CASE 31 

(TO-5) 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

v CEO 


80 


Vdc 


Collector- Base Voltage 


v 

V CB 


140 


Vdc 


Emitter- Base Voltage 


V EB 


7 


Vdc 


Collector Current 


l c 


1 


Adc 


Total Device Dissipation @ T. = 25°C 
Derate above 25°C 


P D 


0.8 
4.6 


W 

mW/°C 


Total Device Dissipation @ T p = 25°C 
Derate above 25°C 


P D 


5 

28.6 


W 
m\V/°C 


Operating Junction Temperature Range 


T J 


-65 to +200 


°C 


Storage Temperature Range 


T 

stg 


-65 to +200 


°c 
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Switching and General Purpose Transistors 

2N3019, 2N3020 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Symbol 


AAin ' 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
(I c = 30 mAdc, I B = 0) 


BV CEO* 


80 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 100 ,iAdc, I E = 0) 


BV CBO 


140 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 fiAdc, I c = 0) 


BV EBO 


7 




Vdc 


Collector Cutoff Current 
(V CB = 90 Vdc, I E = 0) 




T CBO 




0.010 


/iAdc 


(V CB = 90 Vdc, I E = 0, T A = 150°C) 








10 




Emitter Cutoff Current 
(V BE = 5 Vdc, I c = 0) 


! EBO 




0.010 


jiAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 


2N3019 
2N3020 


h FE* 


50 
30 


100 




fl c = 10 mAc, V CE = 10 Vdc) 


2N3019 
2N3020 




90 
40 


120 




(I c = 150 mAdc, V CE = 10 Vdc ) 


2N3019 
2N3020 




100 
40 


300 
120 




(I c = 150 mAdc, V CE = 10 Vdc, T c = -55°C) 


2N3019 




40 






(I c = 500 mAdc, V CE = 10 Vdc) 


2N3019 
2N3020 




50 
30 


100 




(I c = 1 Adc, V CE = 10 Vdc) 


Both Types 




15 






Collector-Emitter Saturation Voltage* 
(I c = 150 mAc, I B = 15 mAc) 




V CE(sat)* 




0.2 


Vdc 


(I c = 500 mAc, I B = 50 mAc) 








0.5 




Base-Emitter Saturation Voltage* 
(I c = 150 mAc, I B = 15 mAc) 


V BE(sat)* 




1.1 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 


2N3019 
2N3020 


f T 


100 
80 




MHz 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 


C ob 




12 


pF 


Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0. f = 1 MHz) 


C ib 




60 


PF 


Small-Signal Current Gain 

(I c = 1 mAc, V CE = 5 Vdc, f = 1 kHz) 


2N3019 
2N3020 


h fe 


80 
30 


400 
200 




Collector-Base Time Constant 

U c = 10 mAdc, V ce = 10 Vdc, f = 4 MHz) 


r b C c 




400 


ps 


Noise Figure 

(I c = 100 jiAdc, V CE = 10 Vdc, f = 1 kHz, R g = 


lkohm) 2N3019 


NF 




4 


dB 



*Pulse Test: Pulse Width ? 300 /is, duty cycle § 1% 
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Switching and Genera/ Purpose Transistors 

V CEO = 150 V 
l c = 200 mAdc 
P D = 5W 




NPN silicon annular transistor designed for high- 
voltage, low-power video amplifier applications. 



CASE 31 

(TO-5) 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V 

V CB 


150 


Vdc 


Collector -Emitter Voltage* 


V 

v CEO 


150* 


Vdc 


Emitter -Base Voltage 


v 

EB 


5 


Vdc 


Collector Current 


l C 


200 


mAdc 


Total Device Dissipation @ T A = 25° C 


P D 


0.8 


Watt 


Derating Factor Above 25° C 




4.57 


mW/°C 


Total Device Dissipation @ T c = 25 °C 


P D 


5 


Watts 


Derating Factor Above 25° C 




28.6 


mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature Range 


T 

stg 


-65 to +200 


°C 



♦Between 0 and 30 mA. 



2N3114 (SILICON) 
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Switching and General Purpose Transistors 

2N3114 (continued) 



ELECTRICAL CHARACTERISTICS (Ta ^ 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = lOOMAdc, I E = 0) 


BV CBO 


150 




Vdc 


Collector -Emitter Breakdown Voltage* 
(I c = 30 mAdc, I B = 0) 


BV CEO* 


150 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 fxAdc, I c = 0) 


BV EBO 


5 


- 


Vdc 


Collector Saturation Voltage* 
(I c = 50 mAdc, Ig = 5 mAdc) 


V CE(sat)* 


- 


i 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 50 mAdc, I B = 5 mAdc) 


V BE(sat)* 


- 


0.9 


Vdc 


DC Current Gain* 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 

(I c = 30 mAdc, V CE = 10 Vdc) 

(I c = 30 mAdc, V CE = 10 Vdc, T A = -55°C) 


h FE* 


15 
30 
12 


— 
120 


— 


Collector Cutoff Current 
(V CB = 100 Vdc, i E = 0) 

(V CB = 100 Vdc, I E = 0, T A = 150°C) 


! CBO 




0.010 
10 


/xAdc 


Emitter Cutoff Current 
(V EB - 4 Vdc, I c = 0) 


! EBO 




0.10 


/lAdc 


Small Signal Current Gain 

(V CE = 10 Vdc, I c = 30 mAdc, f = 20 mc) 


I h fe| 


2.0 






Output Capacitance 

(V CB = 20 Vdc, I E = 0, f = 140 kc) 






9 


Pf 


Input Capacitance 

(V EB = 0. 5 Vdc, I c = 0, f = 140 kc) 


C ib 




80 


pf 


Small Signal Current Gain 

(I c = 1.0 mA, V CE = 5 V, f = 1 kc) 


h fe 


25 






Real Part of Input Impedance 

(I c = 10 mA, V CE = 10 V, f = 100 mc) 


Re(h ie ) 




30 


ohms 



*PW ^ 300 Msec, Duty Cycle ^ 1% 



2N3115 (SILICON) 

2N3116 



For Specifications, See 2N2958 Data Sheet 
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Switching and General Purpose Transistors 



2n3133 thru 2n3136(SIUCON) 





V C eo = 35V 
l c = 600 m A 
f T = 200Mc 



aM* PNP silicon annular Star transistors for high-speed 
V\ switching and DC to UHF amplifier applications. 



CASE 31 

(TO-5) 



CASE 22 

(TO-18) 



2N3135 
2N3136 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3133 
2N3134 
(TO-5) 


2N3135 
2N3136 
(TO-18) 


Unit 


Collector-Base Voltage 


v CBO 


50 


50 


Vdc 


Collector-Emitter Voltage 


v CEO 


35 


35 


Vdc 


Emitter- Base Voltage 


V EBO 


4 


4 


Vdc 


Collector Current 




600 


600 


mA 


Total Device Dissipation 

@25°C Case Temperature 
Derate Above 25°C 


p D 


3 

17.3 


1.8 
10.3 


Watts 
mW/°C 


Total Device Dissipation 

@ 25°C Ambient Temperature 
Derate Above 25°C 


P D 


0.6 
3.43 


0.4 
2.28 


Watts 
mW/°C 


Junction Temperature 


Tj 


-65 to +200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 



SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Turn- On Time 
(V cc = -30 V, leg = 150 mA, I m = 15 mA) 


*on 


26 


75 


nsec 


Turn- Off Time 
(V cc = -6V, leg = 150 mA, = I B2 = 15 mA) 


'off 


70 


150 


nsec 



8-131 



Switching and General Purpose Transistors 

2N3133 thru 2N3136 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V C B = 30 Vdc, I E = 0) 
(V CB =30 Vdc, I E - 0, T A = 150°C) 


*cbo 


--- 


0.05 
30 


/xAdc 


Collector Cutoff Current 
(V C E = 30 V, V BE = 0.5 V) 


^EX 


— 


0.1 


ji Adc 


Base Cutoff Current 
(Vce = 30 V, V BE = 0.5 V) 


Jbl 


— 


0.1 


/lAdc 


Collector-Base Breakdown Voltage 
(IC = 10 fiAdc, I E = 0) 


BV CBO 


50 


--- 


Vdc 


Collector -Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


BV C EO* 


35 


--- 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /lAdc, Ifj = 0) 


BV EBO 


4 




Vdc 


Collector Saturation Voltage* 
(Ic = 150 mAdc, I B = 15 mAdc) 


V CE (sat)* 




0.6 


Vdc 


Base-Emitter Saturation Voltage * 
(1q = 150 mAdc, I B = 15 mAdc) 


VBE (sat)* 




1.5 


Vdc 


DC Forward Current Transfer Ratio 
(IC = 1.0 mAdc, V CE = 10 Vdc) 2N3133, 2N3135 

2N3134, 2N3136 

(1q = 150 mAdc, V CE = 10 Vdc)* 2N3133, 2N3135 

2N3134, 2N3136 


h FE 


25 
50 
40 
100 


120 
300 


— 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




10 


Pf 


Input Capacitance 
(Vbe = 2 Vdc, Ic = 0, f =100 kc) 


Gib 




40 


pf 


Current-Gain — Bandwidth Product 
(IC = 50 mAdc, V CE = 20 Vdc, f = 100 mc) 




200 




mc 



♦Pulse Test: Pulse Width < 300 /isec, duty cycle < 2% 
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Switching and General Purpose Transistors 

2n3227 (SILICON) 



For Specifications, See 2N2369 Data Sheet 



2N3244 (SILICON) 

2n3245 




PNP silicon annular transistors for medium- current, 
high-speed switching and driver applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N 
3244 


2N 
3245 


Unit 


Collector-Base Voltage 


v 

CBO 


40 


50 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


40 


50 


Vdc 


Emitter- Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current 


l c 


1 


Adc 


Total Device Dissipation 

@ 25° C Ambient Temperature 
Derating Factor Above 25° C 


P D 


1.0 
5.71 


Watt 

mW/°C 


Total Device Dissipation 

@25°C Case Temperature 
Derating Factor Above 25° C 


P D 


5 

28.6 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+ 200 


°C 


Storage Temperature Range 


T * 
stg 


-65 to +200 


°c 


Thermal Resistance 


djc 


0. 175 
35 


°C/mW 
°C/W 
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Switching and General Purpose Transistors 

2N3244, 2N3245 (Continued) 



ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise specified) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 30Vdc, I E = 0) 

(V CB = 30 Vdc, = 0, T A = 100° C) 




^BO 


— 


.050 
10 


//Adc 


Collector Cutoff Current 

(V CE = 30Vdc, V QB = 3Vdc) 




*CEX 




50 


nAdc 


Emitter-Base Leakage Current 
( V EB = 3 Vdc ' l C = 0) 




*EBO 


— 


30 


nAdc 


Base Cutoff Current 

(V CE = 30Vdc, V OB = 3Vdc) 




%L 




80 


nAdc 


Collector-Base Breakdown Voltage 

(L, = 10 ft Adc, I_ = 0) 2N3244 
c b 2N3245 




BV„ „ 
a CBO 


40 
50 


— 




Collector-Emitter Breakdown Voltage* 

(L, = 10 mAdc, I n = 0) 2N3244 
^ 2N3245 




B W 


40 
50 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10ft Adc, I c = 0) 




BV EBO 


5 




Vdc 


Collector Saturation Voltage* 

(I n = 150 mAdc, I_ = 15 mAdc) 2N3244 
^ a 2N3245 

(L, = 500 mAdc, 1= 50 mAdc) 2N3244 

2N3245 

(I n = 1 Adc, L, = 100 mAdc) 2N3244 
U ° 2N3245 


2,3 


V * 
CE(sat) 





0.3 
0.35 

0.5 
0.6 

1.0 
1.2 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 150 mAdc, I B = 15 mAdc) 

(I c = 500 mAdc, Ig = 50 mAdc) 

(I c = 1 Adc, Ig = 100 mAdc) 


3 


V BE(sat) 


— 
0.75 


1.1 
1.5 
2.0 


Vdc 


DC Forward Current Transfer Ratio* 

(L, = 150 mAdc, V,^ = 1.0 Vdc) 2N3244 
L Cfc 2N3245 

(L, = 500 mAdc, V^,. = 1.0 Vdc) 2N3244 
c Lb 2N3245 

(L, = 1 Adc, V_„ = 5 Vdc) 2N3244 
° Lt 2N3245 


1 


h FE* 


60 
35 

50 
30 

25 
20 


= 

150 

90 






Output Capacitance 

(V CB = 10 Vdc, I £ = 0, f = 100 kc) 


5 


C ob 




25 


pf 


Input Capacitance 

(V QB = 0.5 Vdc, I c = 0, f = 100 kc) 


5 


C ib 




100 


pf 


Current-Gain - Bandwidth Product 

(I„ = 50 mAdc, V nv = 10 Vdc, f = 100 mc) 2N3244 
^ ct 2N3245 




fx 


175 
150 




mc 


Delay Time 


(I c = 500 mA, Igj = 50 mA 
V OB = 2V > V CC = 30V) 

2N3244 
2N3245 


6,8 


'd 




15 


nsec 


Rise Time 




t r 




35 
40 


nsec 


Storage Time 


(I c = 500 mA,V cc = 30V JN3244 
Ig! = ^2 = 50 mA) 


6,9 


t 

s 




140 
120 


nsec 


Fall Time 








45 


nsec 


Total Control Charge 

(l n = 500 mA, I„ = 50 mA, V pr = 30 V) 2N3244 
c a ^ 2N3245 


7,10 






14 
12 


nC 



* Pulse Test: PW ? 300 /isec, Duty Cycle S 2% 
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Switching and General Purpose Transistors 

2N3244, 2N3245 (Continued) 



FIGURE 1 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 2- COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 




l„ BASE CURRENT (mA) 




0.5 1.0 2.0 5.0 10 20 50 100 200 
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Switching and General Purpose Transistors 



2N3244, 2N3245 (Continued) 



FIGURE 3 - MAXIMUM SATURATION VOLTAGES 



FIGURE 4 — TYPICAL TEMPERATURE COEFFICIENTS 




50 100 200 500 1000 

l c , COLLECTOR CURRENT (mA) 




200 400 600 

l c , COLLECTOR CURRENT (mAdc) 



800 1000 



FIGURE 5 - JUNCTION CAPACITANCE 



FIGURE 6- TYPICAL SWITCHING TIMES 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 30 
REVERSE BIAS (VOLTS) 



FIGURE 7 - CHARGE DATA 




100 200 500 1000 

l c , COLLECTOR CURRENT (mA) 



FIGURE 10 -Q T TEST CIRCUIT 




-J U iu *sec 1200 pf max f(Jr 2N3245 
DUTY CYCLE = 2% 1400 pf max for 2N3244 




300 400 
l c , COLLECTOR CURRENT (mA) 



FIGURE 8 -TURN-ON EQUIVALENT TEST CIRCUIT 



PW = 200 nsec 
RISE TIMERS 2 nsec 
DUTY CYCLE = 2% 



FIGURE 9 - TURN-OFF EQUIVALENT TEST CIRCUIT 

-30 V 

|\ 10 < t, < 500 A sec 




FIGURE 11 -TURN-OFF WAVEFORM 

c = o 
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Switching and General Purpose Transistors 



2N3248 (SILICON) 

2n3249 



0 



Vceo=12V 
f T = 250-300 Mc 



CASE 22 

(TO- 18) 




PNP silicon annular transistors for low- level, high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


15 


Vdc 


Collector-Emitter Voltage 


V CEO 


12 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Total Device Dissipation 

(5) 25°C Ambient Temperature 
Derate above 25°C 


P D 


0.36 
2.06 


Watt 
mW/°C 


Total Device Dissipation 

@ 25°C Case Temperature 
Derate above 25°C 


*D 


1.2 
6.9 


Watts 
mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 
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Switching and General Purpose Transistors 

2N3248, 2N3249 (Continued) 



Characteristic 


Fig.No. 


Symbol 


Min 


Max 


Unit 


Collector-Cutoff Current 
(V CE = 10 Vdc, V 0B = 1 Vdc) 
(V CE = 10 Vdc, V 0B = 1 Vdc, T A = 100°C) 




*CEX 


— 


.05 
5 


juAdc 


Base Cutoff Current 
(V C£ = 10 Vdc, V QB = 1 Vdc) 




'bL 




50 


nAdc 


Collector-Base Breakdown Voltage 
0c = 10 nAdc, I E = 0) 




BV CBO 


15 


— 


Vdc 


C611ector- Emitter Breakdown Voltage* 
(Ic = 10 mAdc, I B = 0) 




BV CEO* 


12 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 fiAdc, I c = 0) 




BV EBO 


5 


— 


Vdc 


Collector Saturation Voltage * 
(Ic = 10 mAdc, I B = 1 mAdc) 
(Iq = 50 mAdc, I B = 5 mAdc) 
(Ic = 100 mAdc, I B = 10 mAdc) 


2N3248 
2N3249 


7,8 


v CE(sat)* 


— 



0.125 
0.25 
0.4 
0.45 


Vdc 


Base- Emitter Saturation Voltage * 
(Ic =• 10 mAdc, 1 B = 1 mAdc) 
(Ic = 50 mAdc, I B = 5 mAdc) 
(Ic = 100 mAdc,T B = 10 mAdc) 


8 


v BE(sat)* 


0.6 

0.7 


0.9 
1.1 
1.3 


Vdc 


DC Current Gain* 
(I c = 0.1 mAdc, V CE = 1 Vdc) 


2N3248 
2N3249 


4 


h FE* 


50 
100 


— 


— 


(I c =1.0 mAdc, V CE = 1 Vdc) 


2N3248 
2N3249 






50 
100 






(I c = 10 mAdc, V CE = 1 Vdc) 


2N3248 
2N3249 






50 
100 


150 
300 




(I c = 50 mAdc 


, V CE = 1 Vdc) 


2N3248 
2N3249 






35 
75 






(Ic = 100 mAdc, V CE = 1 Vdc) ' 


2N3248 
2N3249 






25 
35 


— 




Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


6 


c ob 




8 




Input Capacitance 
(V BE = 1 Vdc, Ic = 0, f = 100 kc) 


6 


c ib 




8 


pf 


Current-Gain — Bandwidth Product 
(I c = 20 mAdc, V CE = 10 Vdc, f = 100 mc) 


2N3248 
2N3249 




fr 


250 
300 




mc 


Total Control Charge 
(Ic = 10 mA, I B = 0.25 mA, V cc = 3 V) 


5,10 


Q T 




150 


pC 


Delay Time 


Ic = 100 mA, I R = 10 mA, 


1,3 


td 




5 


nsec 


Rise Time 


V 0B = 0.5 V, V C C = 10 V 




*r 




15 


nsec 


Storage Time 


IC = 100 mA, I B1 = I B2 = 


= 10 mA, 


2,3 


*s 




60 


nsec 


Fall Time 


Vcc = io v 




*f 




20 


nsec 


Turn-On Time 


I c = 10 mA, I B1 = 1 mA, 
V QB = 0.5 V,V CC = 3 V 


1,3 


ton 




90 


nsec 


Turn-Off Time 


Ic = 10 mA, I B1 = I B2 = 
v cc = 3V 


1 mA, 


2,3 


toff 




100 


nsec 



♦Pulse Test: PW = 300 /isec, Duty Cycle ^ 2% 
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Switching and General Purpose Transistors 



2N3248, 2N3249 (Continued) 



FI6URE 4 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 5 - MAXIMUM CHARGE DATA 



FIGURE 6 — JUNCTION CAPACITANCE 
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Switching and General Purpose Transistors 



2N3248, 2N3249 (Continued) 

FIGURE 7 COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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FIGURE 8 - SATURATION VOLTAGE LIMITS 



FIGURE 9 -TYPICAL TEMPERATURE COEFFICIENTS 
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Switching and General Purpose Transistors 



2N3250, A (SILICON) 

2n3251, A 

2N3250A, 2N3251A JAN 
2N3250,A, 2N3251,A HI-REL 




PNP silicon annular transistors for high-speed 
switching and amplifier applications. 

Collector connected to case 




V C eo = 40-60 V 
l c = 200 mA 
f T = 250-300 Mc 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3250 
2N3251 


2N3250A 
2N3251A 


Unit 


Collector-Base Voltage 


V CBO 


50 


60 


Vdc 


Collector-Emitter Voltage 


V CEO 


40 


60 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 




200 


mAdc 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25° C 


P D 


1.2 

6.9 


Watts 
mW/°C 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Pd 


0. 36 
2.06 


Watts 
mW/°C 


Junction Operating Temperature 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 


Thermal Resistance 


°JA 
°JC 


0.49 
0.15 


°C/mW 
°C/mW 
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Switching and General Purpose Transistors 

2N3250, A, 2N3251, A (Continued) 



ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CE = 40 Vdc, V QB = 3 Vdc) 


! CEX 


-- 


20 


nAdc 


Base Cutoff Current 
(V CE " 40 VdC ' V OB " 3 Vdc) 


BL 




50 


nAdc 


Collector-Base Breakdown Voltage 2N3250, 2N3251 
(I c = 10 Mdc) 2N3250A, 2N3251A 


BV CBO 


50 
60 




Vdc 


Collector -Emitter Breakdown Voltage * 2N3250 2N3251 
(I c = 10 mAdc) 2N3250A, 2N3251A 


BV CEO* 


40 

60 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10/iAdc) 


BV EBO 


5 




Vdc 


Collector Saturation Voltage * 
U c = 10 mAdc, Ig = 1 mAdc) 

(I c = 50 mAdc, I B = 5 mAdc) 


V * 
v CE(sat) 




0.25 
0.5 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, ^ = 1 mAdc) 

dp = 50 mAdc, 1^ = 5 mAdc) 


v * 
v BE(sat) 


0.6 


0.9 
1. 2 


Vdc 


DC Forward Current Transfer Ratio * 
dp = 0. 1 mAdc, Vp E = 1 Vdc) 2N3250, 2N3250A 

2N3251, 2N3251A 

(I c = 1 mAdc, V CE = 1 Vdc) 2N3250, 2N3250A 

2N3251,2N3251A 

(I c = 10 mAdc, V C£ = 1 Vdc) 2N3250, 2N3250A 

2N3251,2N3251A 

(I c = 50 mAdc, V CE = 1 Vdc) 2N3250, 2N3250A 

2N3251,2N3251A 


h FE* 


40 
80 
45 
90 
50 
100 
15 
30 


- 

150 
300 




Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kc) 


C ob 




6 


«* 


Input Capacitance 
(V QB = 1 Vdc, I c = 0, f = 100 kc) 


C ib 




8 


Pf 


Current-Gain - Bandwidth Product 2N3250 2N3250A 
(I c = 10 mAdc, V CE = 20 Vdc, f = 100 mc) 2N3251,' 2N3251A 




250 
300 




mc 



SMALL SIGNAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Small Signal Current Gain 2N3250, 2N3250A 
d c = 1. 0 mA, V CE = 10 V, f = 1 kc) 2N3251, 2N3251A 


h fe 


50 
100 


200 
400 




Voltage Feedback Ratio 2N3250, 2N3250A 
(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 2N3251,2N3251A 


h 

re 




10 
20 


X10" 4 


Input Impedance 2N3250, 2N3250A 
d c = 1.0 mA, V CE = 10 V, f = 1 kc) 2N3251,2N3251A 


h. 
le 


l, 

2 


6 
12 


kohms 


Output Admittance 2N3250, 2N3250A 
(I c = 1. 0 mA, V C£ = 10 V, f = 1 kc) 2N3251, 2N3251A 


h 

oe 


4 

10 


40 

60 


U mhos 


Collector -Base Time Constant 
(I c = 10 mA, V CE = 20 V) 


r 'b C C 




250 


psec 


Noise Figure 
(I c = 100 siA, V CE = 5 V, R g = 1 ko, f = 100 cps) 


NF 




6 


db 



♦Pulse Test: PW = 300 fisec, Duty Cycle = 2% V QB = Base Emitter Reverse Bias 
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— Switching and General Purpose Transistors 

2N3250, A, 2N3251, A (Continued) 



SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Max 


Unit 


Delay Time 


(V CC = 3 Vdc ' V OB = °* 5 Vdc 
I c = 10 mAdc, 1^ = 1 mA) 


*d 


35 


nsec 


Rise Time 




35 


nsec 


Storage Time 


(I B1 = *B2 = 1 


2N3250, 2N3250A 
2N3251, 2N3251A 




175 
200 


nsec 


Fall Time 


v cc = 3V > 






50 


nsec 



SWITCHING TIME CHARACTERISTICS 



FIGURE 1 — DELAY AND RISE TIME FIGURE 2 - STORAGE AND FALL TIME 




l c , COLLECTOR CURRENT (mA) l c . COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3250, A, 2N3251, A (Continued) 
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Switching and General Purpose Transistors 

2N3250, A, 2N3251, A (Continued) 



FIGURE 9 — NORMALIZED CURRENT GAIN CHARACTERISTICS 
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FIGURE 10— COLLECTOR SATURATION REGION 
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*5T, OVERDRIVE FACTOR 



This graph shows the effect of base current on collector current, fto is the 
current gain of the transistor at 1 volt, and fj f (forced gain) is the ratio of to/ 'bf 
in a circuit. EXAMPLE: For type 2N3251, estimate a base current (I B f) to insure 
saturation at a temperature of 25°C and a collector current of 10 mA. 

Observe that at l c = 10 mA an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 9, it is seen that 
h FE @ 1 volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for "worst-case" design) ... 



ftp h Ft @lVolt 

lh Ic/llF 



2.5 = 



167 



'bf ~ 6.68 mA typ 



FIGURE 11 —SATURATION VOLTAGES 



FIGURE 12 — TEMPERATURE COEFFICIENTS 
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Switching and General Purpose Transistors 



2N3250, A, 2N3251, A (Continued) 



FIGURE 13 — f T AND r b 'C c versus l c 
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Switching and General Purpose Transistors 



2N3252 (SILICON) 

2n3253 

2N3444 



CASE 31 

(TO-5) 




NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3252 


2N3253 


2N3444 


Unit 


Collector-Base Voltage 


V CBO 


60 


75 


80 


Vdc 


Collector- Emitter Voltage 


V CEO 


30 


40 


50 


Vdc 


Emitter-Base Voltage 


v 

v EBO 


-* 5 


Vdc 


Total Device Dissipation 
25°C Case Temperature 
Derate above 25°C 


P D 


5 » 

-* 28.6 - 


Watts 

mW/°C 


Total Device Dissipation 

25°C Ambient Temperature 
Derate above 25°C 


P D 


-« 1.0 +- 

5.71 


Watt 

mW/°C 


Junction Operating Temperature Range 


T J 


-* 65 to +200 +■ 


°c 


Storage Temperature Range 


stg 


■* 65 to +200 


°c 


Thermal Resistance: 


6 JC 


35 
0.175 


°C/W 
°C/mW 



SWITCHING CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


Cob 




12 


pf 


Input Capacitance 
(V EB = 0.5 Vdc, Iq = 0, f = 100 kc) 


C ib 




80 


pf 


Current Gain- Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 100 mc) 2N3252 

2N3253, 2N3444 


«r 


200 
175 




mc 


Total Control Charge 
(I c = 500 mAdc, = 50 mAdc, V cc = 30 V) 


Q T 




5 


nC 


Delay Time 


Ic - 500 mAdc, 1^ = 50 mAdc 

V cc = 30 V, V QB = 2 V 2N3252 

2N3253, 2N3444 


*d 




15 


nsec 


Rise Time 






30 
35 


nsec 


Storage Time 


I c = 500 mAdc, I B1 = Ig 2 = 50 mAdc 
V CC = 30 V 






40 


nsec 


Fall Time 






30 


n3ec 
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— Switching and General Purpose Transistors 

2N3252, 2N3253, 2N3444 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 40 Vdc, I E = 0) 


2N3252 


'cBO 


— 


0.50 


A* Adc 


(Vcb = 40 vdc > * E = °» T A = 100 ° c ) 


2N3252 






75.0 




(Vcb = 60 Vdc, I E = 0) 


2N3253, 2N3444 






0.50 




(V CB = 60 Vdc, I E = 0, T A = 100°C) 


2N3253, 2N3444 






75.0 




Emitter Cutoff Current 
(V CB = 4 Vdc, I C = 0) 


! EBO 




0.05 


//Adc 


Collector Cutoff Current 
(V CE = 40 Vdc, V QB = 4 Vdc) 


2N3252 


J CEX 


— 


0.5 


//Adc 


(V CE = 60 Vdc, V 0B = 4 Vdc) 


2N3253, 2N3444, 






0.5 




Base Cutoff Current 
(V CE = 40 Vdc, V 0B = 4 Vdc) 


2N3252 




— 


0.50 


//Adc 


(V CE = 60 Vdc, V OB = 4 Vdc) 


2N3253, 2N3444 






0.50 




Collector-Base Breakdown Voltage 
(IC = 10 //Adc, I E = 0) 


2N3252 
2N3253 
2N3444 


BV CBO 


60 
75 
80 





Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc, pulsed, I B = 0) 


2N3252 
2N3253 
2N3444 


BV CEO* 


30 
40 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /t/Adc, Ic = 0) 


BV EBO 


5 




Vdc 


C ollector Saturation Voltage * 
(I c =150 mAdc, I B = 15 mAdc) 


2N3252 

2N3253, 2N3444 


V CE (sat)* 


— 


0.3 
0.35 


Vdc 


(I c = 500 mAdc, I B = 50 mAdc) 


2N3252 

2N3253, 2N3444 






0.5 
0.60 




(I c = 1.0 Adc, I B = 100 mAdc) 


2N3252 

2N3253, 2N3444 




— 


1.0 
1.2 




Base-Emitter Saturation Voltage * 
(I c = 150 mAdc, I B = 15 mAdc) 




V BE(sat)* 


— 


1.0 


Vdc 


(I c = 500 mAdc, I B = 50 mAdc) 






0.7 


1.3 




(Ic = 1.0 Adc, I B = 100 mAdc) 








1.8 




DC Forward Current Transfer Ratio * 
(I c = 150 mAdc, V CE = 1 Vdc) 


2N3252 
2N3253 
2N3444 


h FE* 


30 
25 
20 






(IC = 500 mAdc, V CE = 1 Vdc) 


2N3252 
2N3253 
2N3444 




30 
25 
20 


90 
75 
60 




(I c = 1 Adc, V CE = 5 Vdc) 


2N3252 
2N3253 
2N3444 




25 
20 
15 







* Pulse Test: Pulse width = 300 //sec, duty cycle = 2% 
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Switching and General Purpose Transistors 

2N3252, 2N3253, 2N3444 (Continued) 



COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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Switching and General Purpose Transistors 



2N3252,2N3253,2N3444 (Continued) 

MINIMUM CURRENT GAIN CHARACTERISTICS 
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Switching and General Purpose Transistors 



2N3252, 2N3253, 2N3444 (Continued) 
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Switching and General Purpose Transistors 



2N3303 (SILICON) 




V CE0 = 12 V 
lc = 1 A 

f T = 450 MHz 




NPN silicon annular transistor designed for high- 
speed, high-current switching and driving applica- 
tions. 



CASE 94 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


v 

CEO 


12 


Vdc 


Collector -Base Voltage 


V CB 


25 


Vdc 


Emitter -Base Voltage 


V EB 


4 


Vdc 


Collector Current -Continuous 


l c 


1.0 


Adc 


Total Device Dissipation @ T A = 25 °C 
Derate above 25° C 


P D 


0.6 
3.43 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25 °C 
Derate above 25 °C 


P D 


3 

17.2 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


J stg 


-65 to 
+200 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Voltage* 
(I c = 30mAdc, I B = 0) 


B W 


12 




Vdc 


Collector -Base Breakdown Voltage 
(I- = 0. 5 mAdc, I,, = 0) 


BV CBO 


25 




Vdc 


Emitter -Base Breakdown Voltage 
(I £ = 0. 1 mAdc, I c = 0) 


BV EBO 


4 




Vdc 


Collector Cutoff Current 
(V CE =15Vdc, V BE -0) 


! CES 




100 


/i Adc 


Base Current 

(V C£ = 15 Vdc, V BE = 0) 


l B 




100 


/x Adc 
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Switching and Genera/ Purpose Transistors 

2N3303 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 10 mAdc, V CE = 0.5 Vdc) 


h FE 


20 






U c = 100 mAdc, V CE = 0. 5 Vdc)* 




30 






(I c = 300 mAdc, V CE = 0. 5 Vdc)* 




30 


120 




(I c = 300 mAdc, V CE = 0. 5 Vdc, = -55 °C)* 




10 






Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V CE(sat) 




0.25 


Vdc 


(I c = 100 mAdc, I B = 10 mAdc)* 






0.23 




(I c = 300 mAdc, I B = 30 mAdc)* 






0.33 




U c = 300 mAdc, Ig = 30 mAdc, = 125°C)* 






0.50 




(I c = 1 Adc, I = 100 mAdc)* 






0.70 




Base -Emitter Saturation Voltage 
(I c = 10 mAdc, I fi = 1 mAdc) 


V BE(sat) 




0.78 


Vdc 


(K, = 100 mAdc, I„ = 10 mAdc)* 






1. 10 




(I c = 300 mAdc, Ig = 30 mAdc)* 






1.30 




(I c = 1 Adc, I B = 100 mAdc)* 






2. 1 





DYNAMIC CHARACTERISTICS 



Current-Gain - Bandwidth Product 

(I c = 100 mAdc, V CE = 5 Vdc, f = 100 MHz) 


f T 


450 




MHz 


Output Capacitance 

(V CB = 5 Vdc, I E = 0, f = 140 kHz) 


C ob 




15 


pF 


Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 140 kHz) 


C ib 




25 


pF 


Turn-On Time (Figure 1) 

(V EB(off) - 4 VdC ' *C - 1 AdG > *B1 "* 100 mAdG) 


'on 




15 


ns 


Turn -Off Time (Figure 1) 

(I c ~ 1 Adc, I B1 ~ -I B2 - 100 mAdc) 


'off 




25 


ns 


Storage Time (Figure 2) 

(I - 100 mAdc, I B1 - -I B2 « 100 mAdc) 


t 

s 




15 


ns 



*Pulse Test: Pulse Width = 300 /is, Duty Cycle < 2% 



FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT FIGURE 2 - STORAGE TIME TEST CIRCUIT 
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Switching and General Purpose Transistors 



2N3444 (SILICON) 

For Specifications, See 2N3252 Data Sheet 



2N3467 (SILICON) 

2n3468 





V CEO = 40-50 V 
I c = 1 A 

f T = 150-175 Mc 



CASE 31 

(TO-5) 



MAXIMUM RATINGS 



PNP silicon annular transistors for high-speed 
switching and driver applications. 

Collector connected to case 



Characteristic 


Symbol 


2N3467 


2N3468 


Unit 


Collector-Base Voltage 


V CBO 


40 


50 


Vdc 


Collector- Emitter Voltage 


V CEO 


40 


50 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 


*C 


1 


Adc 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C 


P D 


1.0 
5.71 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derating Factor Above 25°C 


P D 


5 

28.6 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



THERMAL RESISTANCE 0 JA Cair) 

(9 JC (case) 

STORAGE TIME VARIATION WITH TEMPERATURE 



0.175°C/mW 
35°C/W 

LIMITS OF SATURATION VOLTAGE 



















I 1 1 1 1 1 
l c = 101., = 10 l M 

v„ — .inv 
























- Tj 

- Tj 


= 25° 
= 125 


>C 






















































= 






























o, 




























































> 




\ 


















































(it = 20 


■v 


N 












f, « t, - Va t, 
















































200 300 500 700 1000 

: , COLLECTOR CURRENT (mA) 



50 70 100 



200 300 500 700 1000 
l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 

2N3467, 2N3468 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 
(V CB = 30 Vdc, I E = 0, T A = 100°C) 


*CBO 




0.10 
15 


/J Adc 


Collector Cutoff Current 
( V CE = 30 Vdc, V OB = 3 Vdc) 


*CEX 




100 


nAdc 


Base Cutoff Current 
(V CE = 30 Vdc, V 0B = 3 Vdc) 


J BL 





120 


nAdc 


Collector-Base Breakdown Voltage 
(Iq = 10 /iAdc, I E = 0) 


2N3467 
2N3468 


BV CBO 


40 
50 


— 


Vdc 


Collector- Emitter Breakdown Voltage* 
(Iq = 10 mAdc, I B = 0) 


2N3467 
2N3468 


BV CEO* 


40 
50 


— 


Vdc 


Emitter- Base Breakdown Voltage 
(I E = 10 M Adc, Ic = 0) 


EBO 


5 


— 


vac 


Collector Saturation Voltage* 
(I c = 150 mAdc, I B = 15 mAdc) 


2N3467 
2N3468 


V CE(sat)* 


— 


0.3 
0.35 


Vdc 


(Iq = 500 mAdc, Ig = 50 mAdc) 


2N3467 
2N3468 




— 


0.5 
0.6 




(Iq = 1 Adc, I B = 100 mAdc) 


2N3467 
2N3468 






1.0 
1.2 




Base- Emitter Saturation Voltage* 
(IC = 150 mAdc, I B = 15 mAdc) 




v BE(sat) 




1.0 


vac 


(IC = 500 mAdc, I B = 50 mAdc) 






0.8 


1.2 




(Ic = 1 Adc, I B = 100 mAdc) 






— 


1.6 




DC Forward Current Transfer Ratio* 
(IC = 150 mAdc, V CE = 1.0 Vdc) 


2N3467 
2N3468 


n FE 


40 
25 


— 




(Ic = 500 mAdc, V CE = 1.0 Vdc) 


2N3467 
2N3468 




40 
25 


120 
75 




(I c = 1 Adc, V CE = 5 Vdc) 


2N3467 
2N3468 




40 
25 






Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




25 


pf 


Input Capacitance 
(Vqb = °- 5 Vdc » Ic = °» f = 100 k <0 


C ib 




100 


Pf 


Current-Gain - Bandwidth Product 
(Ic = 50 mAdc, V CE = 10 Vdc, f = 100 mc) 


2N3467 
2N3468 


\ 


175 
150 




mc 



•Pulse Test: PW ^300 n sec, Duty Cycle £2% 
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Switching and General Purpose Transistors 

2N3467, 2N3468 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Delay .Time 


(Iq = 500 mA, I B1 = 50 mA, V QB = 
2V,V CC =30V) 


«d 


— 


10 


nsec 


Rise Time 


*r 




30 


nsec 


Storage Time 


(Iq = 500 mA, I B1 = I B2 * 50 mA, V cc =30 V) 


*8 




60 


nsec 


Fall Time 


*f 




30 


nsec 


Total Control Charge 
(Iq = 500 mA, I B = 50 mA, V cc = 30 V) 


Q T 




6 


nC 



MINIMUM CURRENT GAIN CHARACTERISTICS 















1 

Tj = i: 


>S°C 












1 1 

9W14R7 




























— V c 

- V c 


i=l 
. = 2 


V 
V 














L = 


25°C 










\ 
































> 

\ 


\ 


















L = 


-55°C 












\ 
































































\ 
































V 







50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 



5 































1 

3468 — 

= IV 
= 2V 




























- 2N 

- v« 

- v C( 


















L = 1 


!5°C 














































































Tj = 2 


5°C 






























































L = - 


-55°C 










\ N 


































V 
\ 

L. 



50 70 100. 200 300 500 700 1000 

lc, COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3485, A (SILICON) 

2n3486, A 

For Specifications, See 2N2904 Data Sheet 



2N3493 (SILICON) 




V CEO = 8V 
C ob = 0.7pF 
Ob=0.7pF 



NPN silicon annular transistor for high- speed micro- 
power logic switching. 



CASE 20 

(TO-72) 



MAXIMUM RATINGS 



Collector connected to case 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


12 


Vdc 


Collector-Emitter Voltage 


V CEO 


8 


Vdc 


Emitter-Base Voltage 


v 

v EBO 


5 


Vdc 


Total Device Dissipation @ T c = 25° C 
Derate above 25 °C 


P D 


250 
1.43 


mW 
mW/°C 


Total Device Dissipation @ T A = 25 °C 
Derate above 25° C 


P D 


150 
0.86 


mW 

mW/°C 


Junction Operating Temperature Range 


T J 


-65 to +200 


°C 


Storage Temperature Range 


T 

stg 


-65 to +200 


°c 



THERMAL RESISTANCE n - l.l6°C/mW Ojc = 0.70°C/mW 



MINIMUM CURRENT GAIN CHARACTERISTICS 




..0.05 0.07 0.1 0.2 0.3 

l c COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3493 (continued) 
ELECTRICAL CHARACTERISTICS 



(At 25°C unless otherwise noted) 



Characteristic 


bymDol 


Afiin 


Maw 

max 


1 In I* 

unit 


Collector Cutoff Current 
{V CE ~ 6 V ' EB " 1 V) 


*CEX 




g 


nAdc 


Base Cutoff Current 

(V = 6 V V = 2 V) 
VV CE ' EB ' 

(V CE = 6 V, V EB = 2 V, T A = 150 °C) 


! BL 


-- 


5 
500 


nAdc 


Collector -Base Breakdown Voltage 
(I c = 10 nA, I E = 0) 


BV CBO 


12 


-- 


Vdc 


Collector-Emitter Breakdown Voltage 

/T 1 A T A\ 

U E = 1 mA, I B = 0) 


BV CEO 


8 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 mA, i c = 0) 


BV EBO 


5 


- 


Vdc 


Collector- Emitter Saturation Voltage 
(I = 10 fiAdo T =1 nAdc) 


V CE(sat) 




0. 15 


Vdc 


(I c = 100 nA, I fi = 10 fiA) 




- 


0.13 




(I c = 5 mA, I B = 0. 5 mA) 




-- 


0.25 




Base-Emitter Saturation Voltage 
(I c = 100 /iA, Ig = 10 /iA) 


V BE(sat) 


0. 60 


0. 75 


Vdc 


(I c = 5 mA, Ig = 0. 5 mA) 






0. 95 




DC Forward Current Gain 
(I c = 10 nA, V CE = 0. 5 V) 


u 

FE 


25 


-- 




(I = 100 llA V = 0 5 V) 




40 






(I c = 100 M A, V ce = 0. 5 V (-55°C)) 




20 






(I c = 500 ,iA, V CE = 0. 5 V) 




40 


120 




(I c = 5 mA, V CE = 0. 5 V) 




25 






High Frequency Current Gain 

\Iq = l mA, V^ E = o V, i = 10U mc) 


h fe 


a n 






Output Capacitance 

(V CB = 3 V, I E = 0, f = 100 kc - 

Includes 0. 3 pF Can Capacitance) 


C ob 




0.7 


pF 


Input Capacitance 

(V QB = 0. 5 V, I c = 0, f = 100 kc) 


C ib 




0.7 


pF 



LIMITS OF SATURATION VOLTAGES 



CAPACITANCE VARIATIONS, ZERO BIAS REGION 




0.5 0.4 0.3 0.2 0.1 
FORWARD BIAS (VOLTS) 



0.1 0.2 0.3 0.4 0.5 
REVERSE BIAS (VOLTS) 



1 


10 












































































T.= 


2b u C 


































S 












































— 








































































































































--MAXV.t,,.,)- 





























































































































































































— 


























































win v BE |,.,| 








































































































— 








































































































































































[ — 


















































































/ 







































































































MAXVce{. 


rt) 

























































0.05 0.1 0.2 0.5 1.0 2.0 5.0 
Ic, COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3494 thru 2 N 3497 (SILICON) 





V CE o = 80-1 20 V 
l c = 100 mA 
f T = l 50-200 Mc 



PNP silicon annular Star transistors for high voltage 
switching and DC to VHF amplifier applications. 



CASE 31 

(TO-5) 



CASE 22 

(TO-18) 



2N3494 2N3496 
2N3495 2N3497 
Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N 
3494 
(TO-5) 


2N 
3495 
(T0-5) 


2N 
3496 
(TO-18) 


2N 
3497 
(TO-18) 


Unit 


Collector-Base Voltage 


V CBO 


80 


120 


80 


120 


Vdc 


Collector- Emitter Voltage 


V CEO 


80 


120 


80 


120 


Vdc 


Emitter- Base Voltage 


V EBO 


4.5 


4.5 


Vdc 


Collector Current 




100 


100 


mA 


Total Device Dissipation 
@ T c = 25°C 
Derate Above 25°C 


P D 


3 

17.2 


1.8 
10.3 


Watts 
mW/°C 


Total Device Dissipation 
@T A = 25°C 
Derate Above 25°C 


P D 


600 
3.43 


400 
2.28 


mW 

mW/°C 


Junction Temperature 


T J 


-65 to +200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 



SWITCHING CHARACTERISTICS (Ta = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Turn-On Time 
(V cc « 30 V, Ic = 10 mA, I B1 = 1 mA, V OB = O) 


ton 




300 


naec 


Turn-Off Time 
(V cc = 30 V, Ic = 10 mA, I B1 = Ig 2 = 1 mA) 


toff 




450 


nsec 
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Switching and General Purpose Transistors 

2N3494 thru 2N3497 (continued) 



ELECTRICAL CHARACTERISTICS ( Ta = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector- Base Breakdown Voltage 
(I c = 10 uAdc, I E = 0) 


2N3494, 2N3496 
2N3495, 2N3497 


BV CBO 


80 
120 




Vdc 


Collector- Emitter Breakdown Voltage* 

V*C IHx\uC, in — U) 


2N3495, 2N3497 


BV CEO* 


80 
120 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I £ = lOuAdc, 1q = 0) 


All Types 


BV EBO 


4.5 


_ 


Vdc 


Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 


2N3494, 2N3496 


*CBO 




100 


nAdc 


(V CB = 90 Vdc, I E = 0) 


2N3495, 2N3497 




- 


100 




Emitter-Base Leakage Current 
(V CB = 3 Vdc) 


All Types 


! EBO 


- 


25 




DC Forward Current Transfer Ratio 
(Ic = 100 uAdc, V^£ = 10 Vdc) 


All Tvn o q 
/\ll l ypc£» 


n FE 


35 






(Lj = 1 mAdc, V CE = 10 Vdc) 


All Types 




40 







(I c = 10 mAdc, V CE = 10 Vdc) 


All Types 




40 






(I c = 50 mAdc, V CE = 10 Vdc) 


All Types 




40 












35 


— 




Collector Saturation Voltage 
(Ic ~ 10 mAdc, Ig = 1 mAdc) 


2N3494, 2N3496 
2N3495! 2N3497 


V CE(sat) 


- 


0.3 
0.35 


Vdc 


Base- Emitter Saturation Voltage 
(IC = 10 mAdc, I B = 1 mAdc) 


All Types 


V BE(sat) 


0.6 


0.9 


Vdc 


Output Capacitance 
( V CB = 10 Vdc » X E = °. f = 100 k c) 


2N3494, 2N3496 
2N3495, 2N3497 


c ob 


- 


7 
6 


P 1 


Input Capacitance 
(V QB = 2 Vdc, Ic = 0, f = 100 kc) 


All Types 






30 


Pi 


Current-Gain — Bandwidth Product 
(1q = 20 mAdc, V CE = 10 Vdc, f = 100 mc) 


2N3494, 2N3496 
2N3495, 2N3497 




200 
150 


— 


mc 


Small Signal Current Gain 
(V CE = 10 V, I C = 10 mA, f = 1 kc) 


All Types 


"le 


40 


300 




Input Impedance 
(V CE = 10 V, Ic = 10 mA, f = 1 kc) 


All Types 


h ie 


0.1 


1.2 


kohms 


Voltage Feedback Ratio 
(V CE = 10 V, I c = 10 mA, f = 1 kc) 


All Types 


n re 




2.0 


XI 0" 4 


Output Admittance 
(V CE = 10 V, Ic = 10 mA, f = 1 kc) 


All Types 


n oe 




300 


u mhos 


Extrinsic Base Resistance. 
< V CE = 10 v » *C = 20 mA > f = 300 mc ) 


All Types 


r b 




30 


ohms 



* Pulse width < 300 usee, Duty Cycle = 2% 
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Switching and General Purpose Transistors 



2N3498 thru 2N3501 (SILICON) 



CASE 31 

(TO-5) 





V CEO = 100-1 50 V 
lc = 300-500 mA 
C ob = 8-10pf 



NPN silicon annular transistors for high voltage 
switching and low-power amplifier applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3498 
2N3499 


2N3500 
2N3501 


Unit 


Collector-Base Voltage 


v 

CBO 


100 


150 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


100 


150 


Vdc 


Emitter-Base Voltage 


v 

EBO 


6 


Vdc 


Collector Current 


l c 


500 


300 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25 °C 


P D 


1.0 
5.71 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25 °C 
Derating Factor Above 25 °C 


P D 


5 

28.6 


Watt 
mW/°C 


Junction Temperature, Operating 


T J 


+ 200 


°C 


Storage Temperature Range 


stg 


-65 to +200 


a C 


Thermal Resistance 


*JA 


0. 175 

35 


°C/mW 

°c/w 



TEMPERATURE COEFFICIENTS 



JUNCTION CAPACITANCE VARIATIONS 



£ -1.5 







orV CE( 










i 

(25°C to 125°C) 


























(2 


5°C to 


-55° 


0 










































(25°C 


to - 


55°C) 
















/ 


5°C tc 


125°( 


A 



































100 200 300 400 500 

l c , COLLECTOR CURRENT (mA) 





























































































































































































































































c ik 


























































































































2 




M 


8, 


2n: 


495 


















































































































Cob 








































- 


















































































































































































21 


35C 


0, 


2n: 


50 


1 



























































































REVERSE BIAS (VOLTS) 
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Switching and General Purpose Transistors — 

2N3498 thru 2N3501 (continued) 

ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 50 Vdc. I E = 0) 

(V =50 Vdc, 1=0. T = 150°C) 
LB fc» A 


2N3498, 


2N3499 


! CBO 


— 


0.050 
50 


//Adc 


(V CB = 75 Vdc. I £ = 0) 

(V CB = 75 Vdc. I £ = 0. T A = 150°C) 


2N3500, 


2N3501 




— 


0.050 
50 




Emitter Cutoff Current 
< V OB = 4 Vdc ' ! C - 0) 


All Types 


] EBO 


— 


25 


nAdc 


Collector-Base Breakdown Voltage 
(I c = 10 fjAde, I E = 0) 


2N3498, 
2N3500, 


2N3499 
2N3501 


BV CBO 


100 
150 


— 


Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


2N3498, 
2N3500, 


2N3499 
2N3501 


BV * 
BV CEO 


100 
150 


— 


Vdc 


Emitter-Base Breakdown Voltage 

fl - 10 «Adr I =0) 
V* E lu ^jrvui.| w/ 


All Types 


RV 

EBO 


6 


— 


Vdc 


Collector Saturation Voltage* 
(I c = 10 mAdc, I B = 1 mAdc) 


All Types 


V * 

CE(sat) 




0. 2 


Vdc 


0 C = 50 mAdc, I B = 5 mAdc) 

It — 1 ^fl n\ Arin 1 - l'^ mArirl 

Vl^, — l pu mAuc, ig - 13 ninut; 
(I c = 300 mAdc, I R = 30 mAdc) 


All Types 




— 


0.25 




2N3500, 


2N3501 






0. 4 




2N3498, 


2N3499 




— 


0.6 




Base- Emitter Saturation Voltage* 
U c = 10 mAdc, I B = 1 mAdc) 


All Types 


V BE(sat)* 


_ 


0.8 


Vdc 


U c = 50 mAdc, I B = 5 mAdc) 

(i = it;n mArir I =15 mAdc) 
l 0\J lltnut, Ig - i ii innut; 

(U= 300 mAdc. I n = 30 mAdc) 


All Types 




— 


0. 9 




2N3500, 


2N3501 






1. 2 




2N3498. 


2N3499 




— 


1.4 




DC Forward Current Transfer Ratio* 
(I c = 0. 1 mAdc, V CE = 10 Vdc) 


2N3498, 
2N3499, 


2N3500 
2N3501 


h FE* 


20 
35 


— 


— 


U c * 1. 0 mAdc. V CE = 10 Vdc) 


2N3498. 
2N3499. 


2N3500 
2N3501 




25 
50 


— ' 




(I c = 10 mAdc, V CE = 10 Vdc) 


2N3498. 
2N3499. 


2N3500 
2N3501 




35 
75 







fi — 1 m ah/- v = m vhm 
\Iq — lou mAac i cjt vac^ 


2N3498, 
2N3499, 


2 N 3500 
2N3501 




40 
100 


120 
300 




(I„ = 300 mAdc, V '= 10 Vdc) 


2N3500 
2N3501 






15 
20 


— 




(I c = 500 mAdc, V CE ==10 Vdc) 


2N3498 
2N3499 






15 
20 






Small Signal Current Gain 

(I c = 10 mA, V CE = 10 V. f = 1 kc) 


2N3498. 
2N3499, 


2N3500 
2N3501 


V 


50 
75 


300 
375 


— 


Voltage Feedback Ratio 

(I c = 10 mA, V CE = 10 V. f = 1 kc) 


2N3498, 
2N3499. 


2N3500 
2N3501 


h 

re 




2. 5 
4 


-4 

X10 * 


Input Impedance 

(I c = 10 mA, V CE - 10 V. f -- 1 kc) 


2N3498. 
2N3499. 


2N3500 
2N3501 


h. 
le 


0.2 
0.25 


1.0 
1.25 


k ohms 


Output Admittance 

d c = 10 mA. V C£ = 10 V. f = 1 kc) 


2N3498. 
2N3499, 


2N3500 
2N3501 


h 

oe 


10 
20 


100 
200 


//mhos 


Output Capacitance 

(V CB = 10 Vdc, I £ = 0, f = 100 kc) 


2N3498, 
2N3500, 


2N3499 
2N3501 


C ob 




10 
8 


pF 



♦Pulse Test: PW s 300 /jsec, duty cycle 5 2% V QB - Base- Emitter, off bias 
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Switching and General Purpose Transistors 

2N3498*thru 2N3501 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input Capacitance 

(V QD -- 0. 5 Vdc, I c - 0, f = 100 kc) All Types 


c ib 




80 


pF 


Small Signal Current Gain 

(V CE = 20 Vdc, I c = 20 mAdc, f = 100 mc) All Types 


l h fel 


1.5 




— 






Typ 




Delay Time 

(I c =' 150 mA, I B1 15 mA. V cc = 100 V, V QB = 2.0 V) 


l d 


20 




Rise Time 

(I c = 150 mA, I B1 = 15 mA. V cc = 100 V. V QB = 2. 0 V) 


t 

r 


35 


nsec 


Storage Time 

(I c - 150 mA, 1 B1 = I B2 - 15 mA. V C(? ^ 100 V) 


<s 


300 


nsec 


Fall Time 2N3498, 
(I c -- 150 mA. I B1 - I B2 = 15 mA, V cc = 100 V) 2N3499 




80 


nsec 
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Switching and General Purpose Transistors 

2N3498 thru 2N3501 (continued) 



CURRENT GAIN CHARACTERISTICS vs JUNCTION TEMPERATURE 
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l c , COLLECTOR CURRENT (mA) 



CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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Switching and General Purpose Transistors 

2N3498 thru 2N3501 (continued) 



CURRENT GAIN CHARACTERISTICS vs JUNCTION TEMPERATURE 
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l c , COLLECTOR CURRENT (mA) 



CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 



1.5 

z 1.0 
z 

I 0.5 















































2N3500 2N3501 

... T. — 95°r. 


















































































































































- 10V 


































































































































































































s Vc« = 











































































































1 2 5 10 2 0 50 100 200 500 

l c , COLLECTOR CURRENT (mAdc) 



8-165 



Switching and General Purpose Transistors 

2N3498 thru 2N3501 (continued) 



SMALL SIGNAL h PARAMETER CHARACTERISTICS 

(V CI = 10V,T A = 25°C.f = lKc) 
50 



CURRENT GAIN 



OUTPUT IMPEDANCE 





0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mAdc) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l Cl COLLECTOR CURRENT (mAdc) 



INPUT IMPEDANCE 



VOLTAGE FEEDBACK RATIO 
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2N3499, 2N3501 
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0.1 0.2 0.5 1.0 2.0 

l c , COLLECTOR CURRENT (mAdc) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N3506(SILICON) 

2n3507 



CASE 31 

(TO-5) 





V CEO = 40-50 V 
l c = 3A 
f T =100Mc Typ 



NPN silicon annular transistors for high-current, 
high-speed, saturated switching and core driver appli- 
cations. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3506 


2N3507 


Unit 


Collector -Base Voltage 


v 

V CBO 


60 


80 


Vdc 


Collector- Emitter Voltage 


v 

v CEO 


40 


50 


Vdc 


Emitter- Base Voltage 


V 

EBO 


5 


Vdc 


Collector Current 


x c 


3 


Adc 


Total Device Dissipation 
@ 25 °C Case Temperature 
Derating Factor Above 25° C 


P D 


5 

28.6 


Watts 
mW/°C 


Total Device Dissipation 

@ 25 °C Ambient Temperature 
Derating Factor Above 25 °C 


P D 


1.0 
5.71 


Watts 
mW/°C 


Junction Operating Temperature 


T J 


200 


°C 


Storage Temperature Range 


T * 

stg 


-65 to +200 


°c 



THERMAL RESISTANCE 0 JA = 0.175°C/mW 

6j C = 35°C/W 
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Switching and General Purpose Transistors 



2N3506, 2N3507 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise noted) 



Characteristic 



Symbol 



Min 



Max 



Collector Cutoff Current 



2N3506 



(V CE = 40 Vdc, V QB = 4 Vdc, T A = 100°C) 

V OB = 4 Vdc ) 2N3507 



CE = 60 Vdc, V QB = 4 Vdc, T A = 100°C) 



1.0 
150 

1.0 

150 



Base Cutoff Current 
(V rP = 40 Vdc, V, 



= 4 Vdc) 



CE 'OB " 

(V CE = 60 Vdc, V QB = 4 Vdc) 



2N3506 
2N3507 



! BL 



1.0 
1.0 



Collector-Base Breakdown Voltage 



2N3506 
2N3507 



Collector-Emitter Breakdown Voltage* 
(I r = 10 mAdc, pulsed, I R = 0) 



2N3506 
2N3507 



40 
50 



Emitter-Base Breakdown Voltage 



Collector Saturation Voltage* 

(I c = 500 mAdc, Ig = 50 mAdc) 

(I c = 1. 5 Adc, I B = 150 mAdc) 

U c = 2. 5 Adc, I B = 250 mAdc) 



¥ CE(sat) 



0.5 
1.0 
1.5 



Base-Emitter Saturation Voltage* 
= 50 mAdc) 



BE(sat) 



1.0 
1.4 
2.0 



DC Current Gain* 





500 mAdc, V CE 


= 1 Vdc) 


2N3506 
2N3507 


«c = 


1.5 Adc, V CE = 


2 Vdc) 


2N3506 
2N3507 


«c = 


2. 5 Adc, V CE = 


3 Vdc) 


2N3506 
2N3507 


«c = 


3.0 Adc, V CE = 


5 Vdc) 


2N3506 
2N3507 



50 
35 

40 
30 

30 
25 

25 
20 



200 
150 



Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kc) 



Input Capacitance 

(V = 3 Vdc, I r = 0, f = 100 kc) 



Current Gain -Bandwidth Product 

(I c = 100 mAdc, V CE = 5 Vdc, f = 20 



mc) 



Delay Time 



Rise Time 



150 mAdc 
0 V 



Storage Time 



I„ = 1.5 Adc, I n 



Fall Time 



♦Pulse Test: Pulse width = 300 ^sec, duty cycle = 2% 
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Switching and General Purpose Transistors 



2N3506, 2N3507 (continued) 




CURRENT GAIN CHARACTERISTICS 

200 



0.2 0.3 0,5 1.0 
l c . COLLECTOR CURRENT (Add 




02 0.3 0.5 1.0 2.0 3.0 

l c . COLLECTOR CURRENT (Adc) 



2N3508 (SILICON) 

2N3509 




CASE 26 

(TO-46) 



MAXIMUM RATINGS 



V CEO = 20V 
l c = 500 mA 
f T = 500 Mc 

NPN silicon annular transistor for high-speed, low- 
current switching applications. 

Collector connected to case 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


40 


Vdc 


Collector- Emitter Voltage 


V CES 


40 


Vdc 


Collector- Emitter Voltage 


V CEO 


20 


Vdc 


Emitter- Base Voltage 


V EBO 


6.0 


Vdc 


Collector Current (10 /isec pulse) 


*C(Peak) 


500 


mA 


Total Device Dissipation 

@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


P D 


0.40 
2.29 


Watt 
mW/°C 


Total Device Dissipation 

§ 25°C Case Temperature 
Derating Factor Above 25°C 


Pd 


2.0 
11.43 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 


Thermal Resistance 


*rc 


0. 438 
0. 0875 


°C/mW 
°C/mW 
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Switching and General Purpose Transistors 

2N3508, 2N3509 (continued) 



ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 20 Vdc) Both Types 

2N3309 


*CBO 


_ 
- 


0.2 
30 
50 


MAdc 


Collector Cutoff Current 
(V C£ = 20 Vdc, V QB = 3 Vdc) 


icex 


— 


0.2 




Base Cutoff Current 
\»CE — *u vac, »Qg o vac; 


IBL 




0 5 


/lAdc 


Collector- Base Breakdown Voltage 
(Ic = 10 MAdc, I B = 0) 


BV CBO 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /lAdc, Ic = 0) 


BV EBO 


6.0 




Vdc 


Collector- Emitter Breakdown Voltage* 
(Sc = 10 mAdc) 


BV CEO* 


20 




Vdc 


Collector- Emitter Voltage 
(I c = 10 /lAdc, I B = 0) 


BV CES 


40 




Vdc 


Collector-Emitter Saturation Voltage* 
(Ic = 10 mAdc, I B = 1 mAdc) 
(Ic = 100 mAdc, lg = 10 mAdc) 


v CE(sat) * 


— 


0.25 
0.45 


Vdc 


Base-Emitter Saturation Voltage* 

/ T _ in AJ/i T — 1 miH/il 

\IQ — 1U mAQC, In — A nlAQCJ 

(I c = 100 mAdc, Ib = 10 mAdc) 


V BE(sat)* 


0.70 
0.8 


1.4 


Vdc 


DC Current Gain* 
(Ic = 10 mAdc, V CE = 1.0 Vdc) 2N3508 

2N3509 

(Ic = 10 mAdc, V rp =1.0 Vdc, T» = -55°C) 2N3508 
CE 2N3509 
(Ic = 100 mAdc,"Vcp = 1.0 Vdc) 2N3508 
' 2N3509 


h FE * 


40 
100 
20 
40 
20 
30 


120 

300 

— 




Small-Signal Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc, f =100 mc) 


kfe 


5 


— 




Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 140 kc) 


c . 
'"Ob 


- 


4 


nf 


Input Capacitance 
(Vob = 1 Vdc » Ic = °» f = 140 kc > 


C ib 


- 


4 


Pi 


Storage Time 
dc = *B1 = *B2 = 10 mA > 


>( T S ) 


- 


13 


nsec 


Turn- On Time 
(I c = 10 mA, I B1 = 3 mA, V cc = 3 V, V QB = 1.5 V) 


*on 


- 


12 


nsec 


Turn-Off Time 
(I c = 10 mA, I B1 = 3 mA, Ig 2 = 1.5 mA, V cc = 3 V) 


*off 




18 


nsec 


Total Control Charge 
(I c = 10 mA, I B = 1 mA, V cc = 3 V) 


Qt 




50 


pC 


Delay Time 


V CC = 10 V, V 0B = 2 V, 
I c = 100 mA, I B1 = 10 mA 


«a 




5 


nsec 


Rise Time 






18 


nsec 


Storage Time 


v cc = io V 

Ic = 100 mA, I B j = I B2 = 10 mA 






13 


nsec 


Fall Time 






15 


nsec 



•Pulse Test: PW = 300/isec, Duty Cycle 2 2% 
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Switching and General Purpose Transistors 

2N3508, 2N3509 (continued) 



MINIMUM CURRENT GAIN CHARACTERISTICS 




1 2 3 5 7 10 20 30 50 70 100 

l Cl COLLECTOR CURRENT (mA) 




1 2 3 5 7 10 20 30 50 70 100 

l c , COLLECTOR CURRENT (mA) 



TYPICAL SWITCHING TIMES LIMITS OF SATURATION VOLTAGE 




1 2 3 5 7 10 20 30 50 70 100 i 2 3 5 7 10 20 30 50 70 100 

l c , COLLECTOR CURRENT (mA) lc, COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2n35 10 (silicon) 
2n35I1 

2N3647 
2N3648 




CASE 27 

(TO-52) 




V CE0 = 10-15 V 
lc = 500 mA 
f T = 350-450 Mc 



NPN silicon annular transistors for high-speed satu- 
rated switching applications to 500 mA. 

Collector connected to case 



CASE 26 

(TO-46) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3510 
2N3647 


2N3511 
2N3648 


Unit 


Collector- Base Voltage 


v CBO 


40 


40 


Vdc 


Collector- Emitter Voltage 


v CEO 


10 


15 


Vdc 


Emitter-Base Voltage 


V EBO 


6 


Vdc 


Collector Current 




500 


mAdc 


Total Device Dissipation @T A = 25°C 
Derating Factor Above 25°C 


Pd 


TO-46 
2N3647 
2N3648 


TO-52 
2N3510 
2N3511 


mW 
mW/°C 


400 
2.28 


360 
2.06 


Total Device Dissipation @ T c = 25°C 
Derating Factor Above 25°C 


P D 


2.0 
11.43 


1.2 

6.9 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



STORAGE TIME VARIATION 



LIMITS OF SATURATION VOLTAGE 




2 3 5 7 10 20 30 50 70 100 200 300 500 
l c , COLLECTOR CURRENT (mA) 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 
l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 

2N3510, 2N351 1, 2N3647, 2N3648 (continued) 



ELECTRICAL CHARACTERISTICS ( Ta = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 

< V CE = 10 Vdc » v OB t = 1 Vdc > 

(V CE = 10 Vdc, V OB = 1 Vdc, T A = 150°C) 


! CEX 




.025 
50 


MAdc 


Base Cutoff Current 
(V CE = 10 Vdc ' V OB = 1 Vdc > 


'BL 




.025 


fiAdc 


Collector-Base Breakdown Voltage 
flc = 10 /xAdc, I E = 0) 


BV CBO 


40 




Vdc 


Collector-Emitter Breakdown Voltage* 
(Iq = 10 mAdc, I B = 0) 


2N3510, 2N3647 
2N3511, 2N3648 


BV CEO* 


10 
15 






Emitter-Base Breakdown Voltage 
(I E = 10 nAdc, 1c = 0) 


BV EBO 


6 




Vdc 


Collector Saturation Voltage* 
(1q = i0 mAdc, In = 1 mAdc) 
(IC = 150 mAdc, T B = 15 mAdc) 
(IC = 300 mAdc, I B = 30 mAdc) 
(IC = 500 mAdc, I B = 50 mAdc) 


All Types 
All Types 
2N3510, 2N3647 
2N3511, 2N3648 


V CE(sat)* 


MM 


0.25 
0.4 
0.6 
0.8 


Vdc 


Base-Emitter Saturation Voltage* 
(Ic = 10 mAdc, I B = 1 mAdc) 
(IC = 150 mAdc, I B = 15 mAdc) 
(Ic - 300 mAdc, I B = 30 mAdc) 
(Ic = 500 mAdc, I n = 50 mAdc) 


All Types 
All Types 
2N3510, 2N3647 
2N3511, 2N3648 


V BE(sat)* 


0.8 


0.8 
1.0 
1.15 
1.5 


Vdc 


DC Current Gain* 
(IC = 1.0 mAdc, V CE = 1 Vdc) 

(Iq = 10 mAdc, V CE = 1 Vdc) 

(IC = 150 mAdc, V CE = 1 Vdc) 

(I c = 150 mAdc, V c = 1 Vdc, TA = - 
(Ic = 300 mAdc, V C£ = 1 Vdc) 
(Ic = 500 mAdc, V CE = 1 Vdc) 


2N3510, 2N3647 
2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 
55°C) 2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 


n FE* 


12 
15 
20 
25 
25 
30 
12 
15 
12 


- 

150 
120 

- 


- 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


c ob 




4 




Input Capacitance 
(V 0 B = °- 5 vdc » k: = 0, f = 100 kc) 


Cib 




8 


Pf 


Small Signal Current Gain 
(Ic = 15 mAdc, V CE = 10 Vdc, f = 100 mc) 2N3510, 2N3647 

2N3511. 2N3648 


hfe 


3.5 
4.5 




mc 


Delay Time 


(I c = 150 mA, 
*B1 = ^ mA, 
V QB = 0.5 V, 


2N3510, 2N3647 
2N3511, 2N3648 


*d 




10 
8 




Rise Time 


2N3510, 2N3647 
2N3511, 2N3648 


*r 




12 
10 




Turn-On Time 


V CC = 6 V) 


2N3510, 2N3647 
2N3511, 2N3648 


'on 




20 
16 




Storage Time 


(Ic - 150 mA, 

*B1 = ~ l B2 = 15 mA, 

V CC = 6 V) 


2N3510, 2N3647 
2N3511, 2N3648 


's 




16 
12 




Fall Time 


2N3510, 2N3647 
2N3511, 2N3648 


tf 




12 
8 


nsec 


Turn-Off Time 




2N3510, 2N3647 
2N3511. 2N3648 


'off 




25 
18 


nsec 


Total Control Charge 
(Ic = 150 mA, I B = 15 mA, V cc = 6 V) 


Q X 




300 


PC 


Small Signal Current Gain 
(I c = 1 mA, V CE = 10 V, f = 1 kc) 


"fe 


20 


150 




Voltage Feedback Ratio 
(Ic = 1 mA, V CE = 10 V, f = 1 kc) 


h re 




25 


X10" 4 


Input Impedance 
(Ic = 1 mA, V CE = 10 V, f = 1 kc) 


n ie 


0.6 


4.5 


kohms 


Output Admittance 
(I c = 1 mA, V CE = 10 V, f = 1 kc) 


h oe 


10 


100 


jzmhos 



* Pulse Test: PW 5 300 jisec, Duty Cycle < 2% 
Vq B = Base-Emitter Reverse Bias 
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Switching and General Purpose Transistors 

2N3510, 2N351 1, 2N3647, 2N3648 (continued) 



MINIMUM CURRENT GAIN CHARACTERISTICS 

50 I 1 1 1 1 1 1 — I — I I I 1 1 1 1 1 1 1 — r- 




l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 

2N3546 (SILICON) i^fi 



V C eo = 12V 
ts = 20nsec 



PNP silicon annular transistor for low- level, high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


15 


Vdc 


Collector-Emitter Voltage 


V CEO 


12 


Vdc 


Emitter -Base Voltage 


V EBO 


4.5 


Vdc 


Total Device Dissipation @ T A = 25° C 
Derate above 25° C 


P D 


0.36 
2.06 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25° C 
Derate above 25° C 


P D 


1.2 
6.9 


Watts 
mW/°C 


Operating Junction Temperature 


T J 


200 


°c 


Storage Temperature Range 


T 

stg 


-65 to +200 


°c 


Thermal Resistance 




0.49 


°C/mW 




^JC 


0.15 


°C/mW 
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Switching and General Purpose Transistors 

2N3546 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 10 Vdc) 

(V CB = 10 Vdc, T A = 150°C) 


*CBO 


~ 


0.010 
10 


MAdc 


Collector Cutoff Current 

<V CB = 10Vdc, V 0B = 3Vdc) 


'cEX 




0.010 


^Adc 


Base Cutoff Current 

(V CB = 10Vdc, V QB = 3Vdc) 


%L 




0.10 


MAdc 


Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 


BV CBO 


15 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 


BV EBO 


4.5 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


BV CEO* 


12 




Vdc 


Collector Saturation Voltage* 
(I c = 10 mAdc, I B = 1 mAdc) 

(I c = 50 mAdc, I B = 5 mAdc) 

(I c = 100 mAdc, I B = 10 mAdc) 


v * 
v CE(sat) 


- 


0. 15 
0.25 
0.50 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, I B = 1 mAdc) 

(I c = 50 mAdc, I B = 5 mAdc) 

(I c = 100 mAdc, I B = 10 mAdc) 


v * 
v BE(sat) 


0.7 
0.8 


0.9 
1.3 
1.6 


Vdc 


DC Current Gain* 

d c = 1.0 mAdc, V CE = 1 Vdc) 

(I c = 10 mAdc, V CE = 1 Vdc) 

d c = 10 mAdc, V CE = 1 Vdc, T A = -55°C) 

(I c = 50 mAdc, V CE = 1 Vdc) 

(I c =* 100 mAdc, V CE = lVdc) 


h FE* 


20 
30 
15 
25 
15 


120 

— . 


- 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 mc) 


C ob 




6 


pF 


Input Capacitance 

(V QB = 0. 5 Vdc, I c = 0, f = 1 mc) 


C ib 


- 


5 


pF 


Current-Gain - Bandwidth Product 

(I c = 10 mAdc, V CE = 10 Vdc, f = 100 mc) 


W 


700 




mc 


Total Control Charge 

(I c = 50 mA, I B = 5 mA, V cc = 3 V) 


Q T 




400 


pC 


Delay Time 


Ig = 50 mA, Igj = 5mA, 
V OB' 2V - V CC = 3V 


k d 




10 


nsec 


Rise Time 


*r 




15 


nsec 


Storage Time 


>C * 50 mA - "bI = "B2 = 5 ■»*• 
V CC = SV 






20 


nsec 


Fall Time 






15 


nsec 


Turn-On Time 


Refer to Page 8-177 for 


'on 




40 


nsec 


Turn- Off Time 


Test Circuit 


'off 




30 


nsec 



♦Pulse Test: PW = 300Msec, Duty Cycle < 2% 
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Switching and Genera/ Purpose Transistors 



2N3546 (continued) 



LIMITS OF SATURATION VOLTAGES 



STORAGE TIME BEHAVIOR 
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5.0 10 20 

l c . COLLECTOR CURRENT (mA) 



30 50 70 

;, COLLECTOR CURRENT (mA) 



DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-3V 



-9— ov^* 




STORAGE AND FALL TIME 
EQUIVALENT^ CIRCUIT 




;j;cj^20pf 



SWITCHING TIME TEST CIRCUIT 
Va -2V 




;i;c5^iopf 



V ta +2V— 1 1— 

-10.8 V ' ' 

PULSE WIDTH — 200 wee 

RISETIME=^2nsec 
DUTY CYCLE =H0% 

'OSCILLOSCOPE RISE TIME ^ 1 rate 



"Ft 

Vu, -11.3 V — * »— 

PULSE WIDTH = 200 ruec 

RISE TIME ^2 usee 
DUTY CYCLED 10% 



PULSEWIOTH>200nsec 
R1SETIME < lr»ec 
Zu-50n 

U: V CE -+3V,V h — 7V 
U:V CE --4V.V„-+6V 



MINIMUM CURRENT GAIN CHARACTERISTICS 




7.0 10 20 

l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3634 thru 2N 3637 (SILICON) 



CASE 31 

(TO-5) 





V CEO = 140-1 75 V 
fx =150- 200 Mc 



PNP silicon annular transistor for high -voltage 
switching and low- power amplifier applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 

2N3634 2N3636 
2N3635 2N3637 


Unit 


Collector-Base Voltage 


V CBO 


140 


175 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


140 


175 


Vdc 


Emitter-Base Voltage 


v EBO 


5 


Vdc 


Collector Current 




1 


Adc 


Total Device Dissipation @ T A = 25° C 
Derating Factor Above 25° C 


P D 


1.0 
5.71 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25° C 
Derating Factor Above 25° C 


P D 


5 

28. 6 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+200 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°C 
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Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Fin Ma 

rig. no. 


vumnnl 


lYlIll 


Mav 


Unit 


Collector -Base Breakdown Voltage 
(I c = 100 MAdc, I E = 0) 


2N3634, 2N3635 
2N3636, 2N3637 




BV CBO 


140 
175 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


2N3634, 2N3635 
2N3636, 2N3637 


_ 


BV CEO* 


140 
175 





Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 pLAdc, I c = 0) 


All Types 


_ 


BV EBO 


5 




Vdc 


Collector Saturation Voltage* 
(I c = 10 mAdc, I B = 1 mAdc) 

(I c = 50 mAdc, I B = 5 mAdc) 


All Types 
All Types 


11, 12 


V CE(sat)* 


— 


0. 3 
0.5 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, I B = 1 mAdc) 

(I c = 50 mAdc, I B = 5 mAdc) 


All Types 
All Types 


11, 12 


V BE(sat)* 




0.65 


0.8 
0.9 


Vdc 


DC Current Gain 

(I c = 0. 1 mAdc, V CE = 10 Vdc) 


2N3634, 2N3636 
2N3635, 2N3637 


3, 4, 5, 6 


h * 
FE 


40 
80 


— 




(I c = 1.0 mAdc, V CE = 10 Vdc) 


2N3634, 2N3636 
2N3635, 2N3637 






45 
90 


— 




(I c = 10 mAdc 


V CE = 10 Vdc) 


2N3634, 2N3636 
2N3635, 2N3637 






50 
100 


— 




d c = 50 mAdc, V CE = 10 Vdc) 


2N3634, 2N3636 
2N3635, 2N3637 






50 
100 


150 
300 




(I c = 150 mAdc, V CE = 10 Vdc) 


2N3634, 2N3636 
2N3635, 2N3637 






25 
50 


— 




Small Signal Current Gain 

(V CE = 30 Vdc, I c = 30 mAdc, f = 100 mc) 


2N3634, 2N3636 
2N3635, 2N3637 


2 


l h fel 


1.5 
2.0 


— 


— 


Output Capacitance 

(V CB = 20 Vdc, I E = 0, f = 100 kc) 


All Types 


1 


C ob 




10 




Input Capacitance 

(V QB = 1.0 Vdc, I c = 0, f = 100 kc) 


All Types 




C ib 




75 


nf 


Collector Cutoff Current 
(V CB = 100 Vdc, i E = 0) 


All Types 




X CBO 




100 


nAdc 


Emitter Cutoff Current 
(V 0B = 3Vdc, I c = 0) 


All Types 




X EBO 




50 


nAdc 


Small Signal Current Gain 

d c = 10 mA, V cp = 10 V, f = 1 kc) 


2N3634, 2N3636 
2N3635, 2N3637 


9 


h fe 


40 
80 


160 
320 




Voltage Feedback Ratio 

d c = 10 mA, V CE = 10 V, f = 1 kc) 


All Types 


10 


h re 




3 


X10-4 


Input Impedance 

(I c = 10 mA, V CE = 10 V, f = 1 kc) 


2N3634, 2N3636 
2N3635, 2N3637 


7 


h. 
le 


100 
200 


600 
1200 


ohms 


Output Admittance 

d c = 10 mA, V CE = 10 V, f = 1 kc) 


All Types 


8 


h 

oe 




200 


/xmhos 


Noise Figure 
(I c = 0. 5 mA, 


V CE = 10 V, f = 1 kc, R g = 1 kn) 


All Types 




NF 




3 


db 


Turn-On Time 


V cc = 100V, I c = 50 mA, 


All Types 


13, 14 


^n 




400 


nsec 


Turn-Off Time 




All Types 


13, 15 


^ff 




600 


nsec 



♦Pulse Width 5 300 usee, duty cycle ^ 2% V - Base-Emitter Off Bias 
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Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 



FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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— Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 
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Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 





8-182 



Switching and General Purpose Transistors 



2N3634 thru 2N3637 (continued) 



FIGURE 11 — SATURATION VOLTAGES 



FIGURE 12 — TEMPERATURE COEFFICIENTS 



I i r 

)8f= 10 
_ Tj = 25°C - 
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FIGURE 13— SWITCHING TIME TEST CIRCUIT 

P.W.^20>sec 
DUTY CYCLE ^2% 
RISE TIME ^20 nsec 

V«. 





v m „ 
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TURN-ON 
TURN-OFF 


+4V 
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-5.65V 
-5.9 V 



FIGURE 114!— ! TURN-ON TIME VARIATIONS WITH VOLTAGE 
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FIGURE 1 5 —TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN 

5000 r 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l Cl COLLECTOR CURRENT (mA) 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l Cl COLLECTOR CURRENT (mA) 



2N3647 (SILICON) 

2n3648 

For Specifications, See 2N3510 Data Sheet 
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Switching and General Purpose Transistors 



2N 



3712 



(SILICON) 





V CE o= 150 V 
l c = 200 mAdc 
P D = 5W 



NPN silicon annular transistor designed for high- 
CASE 31 voltage DC to VHF amplifier applications. 

(TO-5) 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V CB 


150 


Vdc 


Collector-Emitter Voltage 


v 

V CEO 


150 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current 


l C 


200 


mAdc 


Total Device Dissipation @ T^ = 25°C 
Derating Factor Above 25 °C 


P D 


1.0 
5.71 


Watt 

mW/°C 


Total Device Dissipation @ T c = 25° C 
Derating Factor Above 25 °C 


P D 


5 

28.6 


Watts 
mW/°C 


Operating Junction Temperature 


T J 


+200 


°C 


Storage Temperature Range 


T 

stg 


-65 to +200 


°C 
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Switching and General Purpose Transistors 

2N3712 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = lOOuAdc, I E = 0) 


BV CBO 


150 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 30 mAdc, I B = 0) 


BV CEO* 


150 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100/iAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Saturation Voltage** 
(I c = 50 mAdc, I B = 5 mAdc) 


V CE(sat)** 




2 


Vdc 


Base-Emitter Saturation Voltage** 
(I c = 50 mA, I B = 5 mA) 


V BE(sat)** 




0.9 


Vdc 


DC Current Gain** 

(I c = 10 mAdc, V CE = 10 Vdc) 
(I c = 30 mAdc, V CE = 10 Vdc) 


h FE~ 


25 
30 


150 


- 


Collector Cutoff Current 
(V CB = 75 Vdc, I E = 0) 
(V CB » 75 Vdc, I E = 0, T A = 150°C) 


! CBO 




0.010 
50 


u Adc 


Emitter Cutoff 'Current 
( V EB = 4Vdc - 'c 10 ' 


! EBO 




0.010 


uAdc 


Small-Signal Current Gain 

(V CE = 10 Vdc, I c = 30 mAdc, f = 20 mc) 


I h fel 


2 


12 




Output Capacitance 
(V CB = 20 Vdc, I E = 0, f = 1 mc) 


C ob 


1 


9 


pf 


Input Capacitance 

(V EB = 0. 5 Vdc, I c = 0, f = 1 mc) 


C ib 




80 


pf 


Small-Signal Current Gain 

(I c = 30 mA, V CE = 10 V, f = 1 kc) 


h fe 


25 






Collector -Base Time Constant 

- (V CB = 10 V ' l E = 30 mA > ' = 31. 9 mc) 


r b' C C 




100 


psec 



*PW ^ 30 usee, Duty Cycle £1% 
**PW^ 300 usee, Duty Cycle ± 2% 
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Switching and General Purpose Transistors 



2n 37 19 (silicon) 
2n3720 





CASE 31 

(TO-5) 



MAXIMUM RATINGS 



V CEO = 40-60 V 
l c = 3 A 
f T = 60Mc 



PNP silicon annular transistors for high-speed, high- 
current switching in core and driver applications and 
Class C power amplifiers. 

Collector connected to case 



Characteristic 


Symbol 


2N3719 


2N3720 


Unit 


Collector -Base Voltage 


v CBO 


40 


60 


Volts 


Collector- Emitter Voltage 


v CEO 


40 


60 


Volts 


Emitter -Base Voltage 


V EBO 


4 


4 


Volts 


Collector Current — Continuous 
Collector Current — Peak 


l C 


3 

10 


3 

10 


Amps 
Amps 


Base Current 


l B 


0.5 


0.5 


Amp 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


*>D 


1.0 
5.72 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


6 

34.3 


Watts 
mW/°C 


Operating Junction and Storage 
Temperature Range 


T j and 
T stg 


-65 to +200 


°C 



2N3719 



SAFE OPERATING AREAS 
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30 40 0 10 20 30 40 50 60 

V«, COLLECTOR-EM ITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic-Vc* limits below which the devices will not go into secondary breakdown. As the safe operating areas shown are 
independent of temperature and duty cycle, these curves can be used as long as the average power derating curve is also taken into consideration to insure 
operation below the maximum junction temperature. 
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Swifching and General Purpose Transistors 

2N3719, 2N3720 (continued) 



ELECTRICAL CHARACTERISTICS^ = 25°C unless otherwise noted) 



Characteristic 


^v/mnnl 
jy muui 


Min 


May 
IVldA 


Unit 


Collector Leakage Current 
(V CE = 40 Vdc, V BE = 2 Vdc) 


2N3719 


*CEX 


: 


10 


fxAdc 


(V C£ = 60 Vdc, V BE = 2 Vdc) 


2N3720 






10 




Collector-Base Cutoff Current 
(V CB = 40 Vdc, I E = 0, T A = 25°C) 


2N3719 


! CBO 




.010 


mAdc 


(V CB = 40 Vdc, I E = 0, T A = 150°C) 


2N3719 






1 




(V CB = 60 Vdc, I E = 0, T A = 25°C) 


2N3720 




— 


.010 




(V CB = 60 Vdc, I E = 0, T A = 150°C) 


2N3720 




— 


1 




Emitter-Base Cutoff Current 
(V BE =4 Vdc, I C = 0) 


^BO 


— 


1 


mAdc 


DC Current Gain* 
(I c = 500 mA, V CE = 1.5 V, T A = 25°C) 




h FE * 


20 




— 


(I c = 1 A, V CE = 1.5 V, T A = 25°C) 






25 


180 




(I C = 1 A, V CE = 1.5 V, T A = -40°C) 






15 






Collector- Emitter Saturation Voltage* 
(I c = 1 A, I B = 100 mA, T A = -40 to + 100°C) 


V CE(sat)* 




0.75 


Volts 


(I c = 3 A, I B = 300 mA, T A = 25°C) 






— 


1.5 




Base- Emitter Saturation Voltage* 
(I c = 1 A, I B = 100 mA) 




BE (sat) 


— 


1.5 


Volts 


(I c = 3 A, I B = 300 mA) 








2.3 




Collector- Emitter Breakdown Voltage* 
(I c = 20 mA, I B = 0) 


2N3719 
2N3720 


BV CEO* 


40 
60 


— 


Volts 


Collector Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C i~ 
^ob 


— 


120 


Df 


Input Capacitance 
(V BE = 0.5 .Vdc, I c = 0, f = 100 kc) 


r., 
°ib 


— 


1000 


of 


Current-Gain — Bandwidth Product 
(V CE = 10 Vdc, I C = 500 mAdc, f = 30 mc) 


T 


60 




mc 


Delay Plus Rise Time 
(I c = 1 Adc, I B1 = 100 mA) 


^on 




75 


nsec 


Storage Time 
(I c = 1 Adc, I B x = I B2 = 100 mA) 


t s 




150 


nsec 


Fall Time 
(I c = 1 Adc, I B i = I B2 = 100 mA) 






75 


nsec 



* Pulse Test: 

Pulse Width < 300 M sec 
Duty Cycle < 2% 
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Switching and General Purpose Transistors 

2N3719, 2N3720 (continued) 



BASE EMITTER SATURATION VOLTAGE VARIATIONS 
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Switching and General Purpose Transistors 

2N3734 (SILICON) 1 C =T.5a" 5 ° V 

2n3735 c ° b = 9 p f (max > 

2n3736 

2N3737 



Medium current NPN silicon annular transistor, de- 
signed for high-speed switching and driver applications. 



Collector connected to case 



CASE 26 CASE 31 

(TO-46) (TO-5) 



MAXIMUM RATINGS (Ta = 25*0 unless otherwise noted) 



Characteristic 


Symbol 


2N3734 
2N3736 


2N3735 
2N3737 


Unit 


Collector-Base Voltage 


v CBO 


50 


75 


Vdc 


Collector-Emitter Voltage 


V CEO 


30 


50 


Vdc 


Emitter-Base Voltage 


v EBO 


5 


Vdc 


Collector Current 




1.5 


Adc 






TO-5 
2N3734 
2N3735 


TO-46 
2N3736 
2N3737 




Total Device Dissipation @ = 25°C 
Derating Factor Above 25°C 


P D 


1.0 
5.71 


0.5 
2.86 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derating Factor Above 25°C 


P D 


4.0 
22.8 


2.0 
11.4 


Watts 
mW/°C 


Thermal Resistance 
Junction to Air 
Junction to Case 


0JA 
*JC 


0.175 
0.044 


0.35 
0.088 


°C/mW 


Junction Temperature, Operating 


T J 


+200 


°C 


Storage Temperature Range 


T stg 


-65 to + 200 


°C 
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Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I c = 10 fx Adc, I E = 0) 


2N3734, 2N3736 
2N3735, 2N3737 


BV CBO 


50 
75 


- 


Vdc 


Collector- Emitter Breakdown Voltage* 
(IC = 10 mAdc, I B = 0) 


2N3734, 2N3736 
2N3735, 2N3737 


BV CEO* 


30 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 jjAdc, Ic = 0) 


pv 

EBO 


5 




Vdc 


Collector Cutoff Current 
(V CE = 25 Vdc, V EB = 2 Vdc) 
(Vce = 25 Vdc, V EB = 2 Vdc, T A = 100°C) 
(V CE = 40 Vdc, V EB = 2 Vdc) 
(Vce = 40 Vdc, V EB = 2 Vdc, T A = 100°C) 


2N3734, 2N3736 
2N3735, 2N3737 


*CEX 


MM 


0.20 
20 

0.20 
20 


jitAdc 


Base Cutoff Current 
(V CE = 25 Vdc, V EB = 2 Vdc) 
(V CE = 40 Vdc, V EB = 2 Vdc) 


2N3734, 2N3736 
2N3735, 2N3737 


Jbl 




0.3 
0.3 


jiAdc 


ON CHARACTERISTICS 


DC Current Gain* 
(I c = 10 mAdc, V CE = 1 Vdc) 
(I c = 150 mAdc, V CE = 1 Vdc) 
(Ic = 500 mAdc, V CE = 1 Vdc) 
(I c = 1 Adc, V CE = 1.5 Vdc) 


2N3734, 2N3736 
2N3735, 2N3737 


h FE* 


35 
40 
35 
30 
20 


120 
80 




(I c = 1.5 Adc, V 


CE = 5 Vdc ) 


2N3734, 2N3736 
2N3735, 2N3737 




30 
20 






Collector Saturation Voltage* 
(Ic = 10 mAdc, I B = 1 mAdc) 
(IC = 150 mAdc, I B = 15 mAdc) 
(IC = 500 mAdc, I B = 50 mAdc) 
(I C = 1 Adc, I B =100 mAdc) 


VCE(sat)* 


MM 


0.2 
0.3 
0.5 
0.9 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, I B = 1 mAdc) 
(I c = 150 mAdc, I B = 15 mAdc) 
(I c = 500 mAdc, I fi = 50 mAdc) 
(I c = 1 Adc, I B = 100 mAdc) 


V BE(sat)* 


0.9 


0.8 
1.0 
1.2 
1.4 


Vdc 


TRANSIENT CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




9 


pf 


Input Capacitance 
(V Efi = 0.5 Vdc 


I c = 0, f = 100 kc) 








80 


pf 


High- Frequency Current Gain 
(I c = 50 mAdc, V CE = 10 Vdc, f = 100 mc) 


bfe 


2.5 






Delay Time 


(V CC = *0V>V B E{oU)' 2V > 




*d 




8 


nsec 


Rise Time 


IC = 1 Amp, I B1 = 100 mA) 




*r 




40 


nsec 


Storage Time 


(V cc = 30 V, I c = 1 Amp, 
I B1 = -I B2 = 100 mA) 


t s 




30 


nsec 


Fall Time 


k 




30 


nsec 


Total Control Charge 
(IC = 1 Amp, I B = 100 mA, V cc = 30 V) 


Q T 




10 


nC 



♦Pulse Test: PW § 300 /isec, Duty Cycle £ 2% 
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Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 



"ON" CONDITION CHARACTERISTICS 
OC CURRENT GAIN 




1.0 2.0 5.0 10 20 50 100 200 500 1000 



!c COLLECTOR CURRENT (mA) 



COLLECTOR SATURATION REGION 




1 2 3 

po/Pf, OVERDRIVE FACTOR 



This graph shows the effect of base current on collector current. /? 0 (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and /J F (forced gain) is the ratio of Ic/Ibf in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (I 8 f) to insure saturation at a temperature of 
25°C and a collector current of 500 mA. 

Observe that at l c = 500mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure I, it is seen 
that hpE @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for "worst-case" design). .'. 



§o _ h FE @lVolt 
£f Ic/Ibf 



' 500 mA/ 1 bf 



l BF — 18.5 mA typ 
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Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 
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Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 

SWITCHING CHARACTERISTICS 
— Tj = 25'C — Tj = 150°C 



TURN-ON TIME 



RISE AND FALL TIMES 




20 50 100 200 

l c . COLLECTOR CURRENT (mA) 



















— I — I— 1 — 

— V CC = 30V 


















1 


c/l. 


= 1 


o- 














































t 














A* 










A 






































































t 

































































































50 100 200 
l c , COLLECTOR CURRENT (mA) 



STORAGE TIME 



FALL TIME 



-l — [ill 

In — In ' 



Ic/Ib = 20 



4* 



50 100 200 
lc, COLLECTOR CURRENT (mA) 




50 100 200 
l c , COLLECTOR CURRENT (mA) 



SWITCHING TIME EQUIVALENT TEST CIRCUITS 
TURN-ON TIME TURN-OFF TIME 



P.W.^200nsec +30 v ft- 
RISETIME^2nsec 
DUTY CYCLE ^2% 
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Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 
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Switching and General Purpose Transistors 



2N3742 (SILICON) 



CASE 31 

(TO-5) 




V CEO = 300V 
l c = 50 mA 
f T = 30 Mc 



NPN silicon annular transistor for high voltage am- 
plifier applications from DC to VHF. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CB 


300 


Vdc 


Collector- Emitter Voltage 


V CEO 


300 


Vdc 


Emitter-Base Voltage 


V EB 


7 


Vdc 


Collector Current 




50 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C 


P D 


1.0 
5.71 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derating Factor Above 25°C 


P D 


5 

28.6 


Watts 
mW/°C 


Operating Junction Temperature 


T J 


+200 


°C 


Storage Temperature Range 


T stFf 


-65 to + 200 


°C 



JUNCTION CAPACITANCE 



GAIN-BANDWIDTH PRODUCT 





































































































































































( 
































































Tj 


= 2 


5°C 












































































































































































































































































































































































N 


s 

























































































































































































































0.1 0.2 0.3 0.5 1 2 3 5 10 20 30 50 100 
REVERSE BIAS (VOLTS) 



2 3 5 7 10 20 30 50 

l El EMITTER-CURRENT (mA) 
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Switching and General Purpose Transistors 

2N3742 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 


BVCBO 


300 




Vdc 


Collector- Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ig - 0; 


BV CEO* 


ouu 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = lOOfiAdc, Iq = 0) 


BV EBO 


7 


— 


Vdc 


Collector Saturation Voltage ** 
(Iq = 10 mAdc, Ig = 1 mAdc) 


v CE(sat)** 




l 


Vdc 


(1q = 30 mAdc, Ig = 3 mAdc) 






5 




Base- Emitter Saturation Voltage ** 
(I c = 10 mAdc, I B = 1 mAdc) 


V BE(sat)** 


— 


1.0 


Vdc 


(Iq = 30 mAdc, Ig = 3 mAdc) 






1.2 




DC Current Gain ** 
(I c = 3 mAdc, V C£ = 10 Vdc) 


h FE** 


10 


— 




(In = 10 m Arir V^,~ = 10 Vdc) 




15 






(Iq = 30 mAdc, V CE = 10 Vdc) 




20 


200 




(Iq = 50 mAdc, V CE = 20 Vdc) 




20 






Collector Cutoff Current 
(V^g = 200 Vdc, Ij£ = 0) 


^BO 




0.2 


fiAdc 


(V CB = 200 Vdc, I E = 0, T A = 100°C) 




— 


20 




Emitter Cutoff Current 
V £B = 6 Vdc, Ic = 0) 


'eBO 


— 


0.2 


juAdc 


Small Signal Current Gain 
(V C£ = 20 Vdc, I c = 10 mAdc, f = 20 mc) 


M 


,1.5 


— 




Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


c ob 


— 


6 


pf 


Input Capacitance 
(V EB = 0.5 Vdc, Ic = 0, f = 100 kc) 


c ib 


— 


80 


Pf 


Small Signal Current Gain 
(I c = 10 mA, V CE = 10 V, f = 1 kc) 


h fe 


20 


200 




Voltage Feedback Ratio 
(Ic = 10 mA, V CE = 10 V, f = 1 kc) 


h re 




1.0 


X10" 4 


Input Impedance 
(Ic = 10 mA, V CE = 10 V, f = 1 kc) 


h ie 




0.5 


Kohms 


Output Admittance 
(Ic = 10 mA, V CE = 10 V, f = 1 kc) 


h oe 


5 


50 


i^mhos 


Real Part of Input Impedance 
(Ic = 10 mA, V CE = 10 V, f = 5 mc) 


Re(h ie ) 




40 


ohms 



*PW < 30 jusec, Duty Cycle < 1% 



**PW < 300 /isec, Duty Cycle < 2% 
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Switching and General Purpose Transistors 

2N3742 (continued) 




CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 




1 2 3 5 7 10 20 30 50 

l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N3742 (continued) 




FORWARD TRANSFER ADMITTANCE OUTPUT ADMITTANCE 




l E , EMITTER CURRENT (mAdc) | E , EMITTER CURRENT (mAdc) 



8-198 



Switching and General Purpose Transistors 



2N 3743 (SILICON) 



Vceo = 300V 
l c = 50 mA 
f T = 30Mc 




PNP silicon annular transistor for high voltage am- 
plifier applications from DC to VHF. 



Collector connected to case 



CASE 31 

(TO-5) 

MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CB 


300 


Vdc 


Collector- Emitter Voltage 


V CEO 


300 


Vdc 


Emitter-Base Voltage 


V EB 


5 


Vdc 


Collector Current 


l C 


50 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate Above 25oC 


P D 


1.0 
5.7 


Watt 
mW/°C 


Total Device Dissipation© Tq = 25°C 
Derate Above 25°C 


Pd 


5.0 
28.6 


Watts 
mW 
mW/°C 


Operating Junction Temperature 


T J 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



JUNCTION CAPACITANCE 



GAIN-BANDWIDTH PRODUCT 



1 
1 



























































































































c 


b 






-J 


= 2: 


°C 

































































































































































































































































































































































































































































































































































































































0.1 0.2 0.5 



1.0 2.0 5.0 10 20 50 
REVERSE BIAS (VOLTS) 




3 5 7 10 
Ie, EMITTER CURRENT (mA) 
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Switching and General Purpose Transistors 

2N3743 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 



LnaraciensTic 


Cwrnhnl 
jy i ■ iuui 


/Villi 


Max 


Unit 


Collector-Base Breakdown Voltage 
(IC = 100 fiAdc, I E = 0) 


BV CBO 


300 


~" 


Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


BVcEO* 


300 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 /iAdc, 1^ = 0) 


BV EBO 


5 




Vdc 


Collector Saturation Voltage** 
(IC =10 mAdc, I fi = 1 mAdc) 


V CE(sat)** 




5 


Vdc 


IT _ OH »,AJ. T _ 1 mAdnt 

Up = oU HlAQC , Ig = <3 mAaCj 










Base-Emitter Saturation Voltage** 

(Iq — 111 ulAaC, Ijg - 1 mAQCJ 


v BE(sat)** 




1 0 


Vdc 


(Iq = 30 mAdc, Ig = 3 mAdc) 




- 


1.2 




DC Forward Current Gain** 
(Ic = 100 /iAdc, V CE = 10 Vdc) 


h FE** 


20 


- 




(Iq — 1 ITlAaC, »C£ — VQC) 










(I c = 10 mAdc, V CE = 10 Vdc) 




25 


— 




(ic - oil mAdc, V CE ~ vac^ 










(I C = 50 mAdc, V CE =20 Vdc) 




25 


- 




Collector Cutoff Current 
(V C b = 200 Vdc, I E = 0) 


*CBO 


- 


0.3 


(zAdc 


i\t — onn t m „ » — n t» — innOi^\ 
(V^g - zuu vdc, ~ °» *A ~ ' 






30 




Emitter-Base Leakage Current 
( V EB = 3 Vdc .Ic = °) 


I EBO 




0.1 


/iAdc 


Small-Signal Current Gain 

it 1 n _-aj« t r on X r j« # — on 

(Ic - 10 mAdc, vq£ = ^u vac, i - &\J mc; 


l"fe| 


1.5 







Output Capacitance 
(Vcb = 20 Vdc, I E = 0, f = 100 kc) 


c ob 




15 




Input Capacitance 
(V EB = 1 Vdc, Ic = 0, f = 100 kc) 


C ib 




400 


pf 


Small Signal Current Gain 
(V CE = 10 V, I c = 10 mA, f = 1 kc) 


bfe 


30 


300 




Voltage Feedback Ratio 
(V CE = 10 V, Ic = 10 mA, f = 1 kc) 


n re 




4.0 


X10" 4 


Input Impedance 
(V CE = 10 V, Ic = 10 mA, f = 1 kc) 


h ie • 




1.0 


kohms 


Output Admittance 
(V CE = 10 V, Ic = 10 mA, f = 1 kc) 


h oe 




200 


H mhos 


Real Part of Input Impedance 
(IC = 10 mAdc, V CE = 10 Vdc, f = 5 mc) 


Re(h. e ) 




40 


ohms 



*PW 1 30 pisec, Duty Cycle < 1% 



**PW 5 300 Msec, Duty Cycle 5 2% 
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Switching and General Purpose Transistors 

2N3743 (continued) 
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Switching and General Purpose Transistors 

2N3743 (continued) 



SMALL SIGNAL y PARAMETERS 

T A = 25°C 



INPUT ADMITTANCE 





10 




7.0 






B 


5.0 














S 


2.0 












1.0 




0.7 




0.5 











































































Ir 


n (y [B 


) 
























V 


















5 mc 








y 


s 






















































R 


1 
































2 to.)? 












































































/ 
















































































































































































































Vce 


= 10 


Vdc 










Site 
















































































































.1 0.2 0.5 1.0 2.0 5.0 1 





1000 




500 




200 


"1 


100 








50 






s 


20 








10 




5.0 








2.0 


1 






1.0 




0.5 




0.2 




0.1 




.05 



REVERSE TRANSFER ADMITTANCE 









1 1 






























■ Im 


to. 










\ 


































5 m 




































I 


R 


sto,) 
















































































































































Vc 


E — 


10 


foe 




















































































lkc 




































































■ lm(y re ) 

1 1 





























l E , EMITTER CURRENT (mAdc) 



0.1 0.2 0.5 1.0 2.0 

l E , EMITTER CURRENT (mAdc) 



FORWARD TRANSFER ADMITTANCE 

1000 i I, I I I i I I I I I I I I 



500 




0.1 0.2 0.5 1.0 2.0 5.0 



Ie, EMITTER CURRENT (mAdc) 



OUTPUT ADMITTANCE 




0.5 I 1 1 1 I I I I I I 1 — I 1 1 I I I I I I 

0.1 0.2 0.5 1.0 2.0 5.0 10 



Ie, EMITTER CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N3762 (SILICON) 

2n3763 
2n3764 
2n3765 



Medium- current PNP silicon annular transistor, de- 
signed for high-speed switching and driver applications. 



Collector connected to case 



CASE 31 CASE 26 

(TO-5) (TO-46) 

2N3762 2N3764 

2N3763 2N3765 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N3762 
2N3764 


2N3763 
2N3765 


Unit 


Collector-Base Voltage 


v CBO 


40 


60 


Vdc 


Collector- Emitter Voltage 


v CEO 


40 


60 


Vdc 


Emitter- Base Voltage 


v EBO 


5 


Vdc 


Collector Current 


*c 


1.5 


Adc 






TO-5 
2N3762 
2N3763 


TO-46 
2N3764 
2N3765 




Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C 


P D 


1.0 
5.71 


0.5 
2.36 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derating Factor Abovd 25°C 


p D 


4.0 
22.8 


2.0 
11.4 


Watts 
mW/°C 


Thermal Resistance 
Junction to Air 
Junction to Case 


0JA 
0JC 


0.175 
0.044 


0.35 
0.088 


°C/mW 


Junction Temperature, Operating 


Tj 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



Vcbo = 40-60 V 

l c = 1.5 A 

C ob = 15.0 pf (max) 
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Switching and General Purpose Transistors 

2N3762, 2N3763, 2N3764 f 2N3765 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
Oc = 10 /xAdc, I E = 0) 


2N3762, 2N3764 
2N3763, 2N3765 


BV CBO 


40 
60 




Vdc 


Collector- Emitter Breakdown Voltage* 
0c = 10 mAdc, I B = 0) 


2N3762, 2N3764 
2N3763, 2N3765 


BV CEO* 


40 
60 


— 


Vdc 


Emitter- Base Breakdown Voltage 
(I E = 10 /xAdc, Ic = 0) 


BV EBO 


5 




Vetc 


Collector Cutoff Current 
(V C e = 20 Vdc, V EB = 2 Vdc) 
(V C £ = 20 Vdc, V EB = 2 Vdc, T A = 100°C) 
(V CE = 30 Vdc, V EB = 2 Vdc) 
(V CE = 30 Vdc, V EB = 2 Vdc, T A = 100°C) 


2N3762, 2N3764 
2N3763, 2N3765 


*CEX 


Mil 


0.10 
10 

0.10 
10 


/iAdc 


Base Cutoff Current 
(V C£ = 20 Vdc, V EB = 2 Vdc) 
(V CE = 30 Vdc, V EB = 2 Vdc) 


2N3762, 2N3764 
2N3763, 2N3765 






0.2 
0.2 


fiAdc 


ON CHARACTERISTICS 


DC Current Gain* 
(I C = 10 mAdc, V CE = 1 Vdc) 
(IC = 150 mAdc, V CE = 1 Vdc) 
(I c = 500 mAdc, V CE = 1 Vdc) 
(IC = 1 Adc, V CE = 1.5 Vdc) 

(I c = 1.5 Adc, V CE = 5 Vdc) 


2N3762, 2N3764 
2N3763, 2N3765 
2N3762, 2N3764 
2N3763, 2N3765 


h FE * 


35 
40 
35 
30 
20 
30 
20 


120 
80 




Collector Saturation Voltage* 
(Ic = 10 mAdc, I B =1 mAdc) 
(I c =150 mAdc, I B = 15 mAdc) 
(Ic = 500 mAdc, I B = 50 mAdc) 
(IC = 1 Adc, I B = 100 mAdc) 


v CE(sat)* 


Mil 


0.1 
0.22 
0.5 
0.9 


Vdc 


Base- Emitter Saturation Voltage* 
(Ic = 10 mAdc, I B = 1 mAdc) 
(Ic = 150 mAdc, I B = 15 mAdc) 
(I c = 500 mAdc, I B = 50 mAdc) 
(I c = 1 Adc, I B = 100 mAdc) 


V BE(sat)* 


0.9 


0.8 
1.0 
1.2 
1.4 


Vdc 


TRANSIENT CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


c ob 




15 


Pf 


Input Capacitance 
(V EB = 0.5 Vdc, Ic = 0, f = 100 kc) 


C ib 




80 


pf 


High Frequency Current Gain 
(I C = 50 mAdc, V CE = 10 Vdc, f = 100 mc) 


2N3762, 2N3764 
2N3763, 2N3765 


1 hfe| 


1.8 
1.5 






Delay Time 


(V CC =30 V, V BE(off) = 2V, 
Ic = 1 Amp, I B1 = 1.00 mA) 


td 




8 


nsec 


Rise Time 


*r 




35 


nsec 


Storage Time 


(Vcc = 30 V, Iq = 1 Amp, 




*8 




80 


nsec 


Fall Time 


I B1 = -I B2 = 100 mA) 




tf 




35 


nsec 


Total Control Charge 
(Ic = 1 Amp, I B = 100 mA, V cc = 30 V) 


Q T 




30 


nC 



*Pulse Test: PW ^ 300 /xsec, Duty Cycle g 2% 
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Switching and General Purpose Transistors 



2N3762, 2N3763, 2N3764, 2N3765 (continued) 



"ON" CONDITION CHARACTERISTICS 
DC CURRENT GAIN 




10 20 50 

l c , COLLECTOR CURRENT (mA) 

COLLECTOR SATURATION REGION 




This graph shows the effect of base current on collector current, fio (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and /J F (forced gain) is the ratio of Ic/'bf in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (l BF ) to insure saturation at a temperature of 
25°C and a collector of 500 mA. 

Observe that at lc = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure 1, it is seen 
that h FE @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for "worst-case" design). .'. 



£o = h FE @lVolt 
J8 F Ic/Uf 



" 500 mA/ 1 bf 



l BF « 18.5 mAtyp 



12 3 4 

Po/fc, OVERDRIVE FACTOR 



"ON" VOLTAGES 



TEMPERATURE COEFFICIENTS 




10 20 30 50 100 200 300 500 1000 
l c , COLLECTOR CURRENT (mA) 



0 100 200 300 400 500 600 700 800 900 1000 
l c , COLLECTOR CURRENT (mA) 



TURN-ON TIME SWITCHING TIME EQUIVALENT TEST CIRCUITS TURN-OFF TIME 
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Switching and General Purpose Transistors 

2N3762, 2N3763, 2N3764, 2N3765 (continued) 



LARGE SIGNAL CHARACTERISTICS "OFF" CONDITION CHARACTERISTICS 

TRANSCONDUCTANCE TRANSCONDUCTANCE 




0 0.2 0.4 0.6 0.8 1.0 1.2 103 1(H 105 10* 10? 10» 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) Rbe, EXTERNAL BASE-EMITTER RESISTANCE (ohms) 



8-206 



Switching and General Purpose Transistors 

2N3762, 2N3763, 2N3764 # 2N3765 (continued) 



— Tj = 25-C SWITCHING CHARACTERISTICS --T J = i50»C 



TURN-ON TIME RISE AND FALL TIME 




10 50 100 200 500 1000 10 20 30 50 100 200 300 500 1000 

l Cl COLLECTOR CURRENT (mA) | c . COLLECTOR CURRENT (mA) 



STORAGE TIME FALL TIME 




10 20 30 50 100 200 300 500 1000 10 20 30 50 100 200 300 500 1000 

! c COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N 3793 (SILICON) 

2n3799 



V CEO = 60V 
l c = 50 mA 

h FE = 150 and 300 Min @ 100 / A 
NF = 1.5-2.5 db @ 10 kc 



CASE 22 

(TO-18) 




PNP silicon annular transistors for low- level, low- 
noise amplifier applications. 



Collector connected to case 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


60 


Vdc 


Collector- Emitter Voltage 


v CEO 


60 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 




50 


mAdc 


Total Device Dissipation @ T c = 25°C 
Derating Factor Above 25°C 


P D 


1.2 
6.9 


Watts 
mW/°C 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C 


P D 


0.36 
2.06 


Watt 
mW/°C 


Junction Operating Temperature 


- T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 
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Switching and General Purpose Transistors 



2N3798, 2N3799 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 


BV CBO 


60 






Vdc 


Collector- Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


BV CEO 


60 


90 





Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 nAdc, 1q = 0) 


BV EBO 


5 








Vdc 


Collector Cutoff Current 
(V CB = 50 Vdc, I £ = 0) 
(V CB = 50 Vdc, I E = 0, T A = 150°C) 


!CBO 






.010 
10 


MAdc 


Emitter Cutoff Current 
(V QB = 4 Vdc, Ic = 0) 


^BO- 






20 


nAdc 


Collector-Emitter Saturation Voltage* 
(I c = 100 MAdc, I B = 10 jiAdc) 




v CE(sat)* 






0.2 


Vdc 


(I c = 1 mAdc, I B = 100 nAdc) 










0.25 




Base-Emitter Saturation Voltage* 
(I c = 100 /lAdc, I B = 10 juAdc) 




v BE(sat)* 






0.7 


Vdc 


(I c = 1 mAdc, I B = 100 MAdc) 






— 


- 


0.8 




DC Forward Current Transfer Ratio* 
(I c = 1 MAdc, V C£ = 5 Vdc) 


2N3799 


h F E* 


75 






- 


(I c = 10 yAdc, V CE = 5 Vdc) 


2N3798 
2N3799 




100 
225 


- 


- 




(I c = 100 MAdc, V CE = 5 Vdc) 


2N3798 
2N3799 




150 
300 


z 


450 
900 




(IC = 100 ,jAdc, V CE = 5 Vdc, T A = -55°C) 


2N3798 
2N3799 




75 
150 


- 


— 




(IC = 500 jiAdc, V CE = 5 Vdc) 


2N3798 
2N3799 




150 
300 


- 


450 
900 




(I c = 1 mAdc, V CE = 5 Vdc) 


2N3798 
2N3799 




150 
300 


- 


900 




(I c = 10 mAdc, V CE = 5 Vdc) 


2N3798 
2N3799 




125 
250 


— 


— 




Base Emitter "ON" Voltage 
(I c = 100 MAdc, V CE = 5 V) 


V-oWf-ixn 


— 


— 


0.7 


Vdc 


Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 100 kc) 


C ob 








Pf 


Input Capacitance 
(Vqb = °- 5 vdc > Ic = °> f = 100 kc ) 


c ib 






8 


pf 


Small Signal Current Gain 
(I c = 500 m A, V CE = 5 V, f = 30 mc) 




h fe 


1.0 






- 


(I c = 1 mA, V CE = 5 V, f = 100 mc) 






1.0 




5.0 




(I c = 1 mA, V CE = 10 V, f = 1 kc) 


2N3798 
2N3799 




150 
300 


- 


600 
900 




Voltage Feedback Ratio 
(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 


h re 


- 


- 


25 


_4 
X10 * 


Input Impedance 
(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 


2N3798 
2N3799 


n ie 


3 

10 


_ 


15 
40 


k ohms 


Output Admittance 
(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 


h oe 


5 




60 


Mmhos 


Noise Figure 
(I c = 100 /xA, V CE = 10 V, R Q = 3 KQ) 
i = 100 cps 


2N3798 
2N3799 


NF 




4 
2.5 


7 
4 


db 


f = 1 kc 


2N3798 
2N3799 






1.5 
0.8 


3 

1.5 




f = 10 kc 


2N3798 
2N3799 






1.0 
0.8 


2.5 
1.5 




Noise Bandwidth 10 cps to 15.7 kc 


2N3798 
2N3799 






2.5 
1.5 


3.5 
2.5 





* Pulse Test ^ 300 usee, duty cycle ^ 2% V OB - Base-Emitter Reverse Bias 
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Switching and General Purpose Transistors 



2N3798, 2N3799 (continued) 
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Switching and General Purpose Transistors 

2N3798, 2N3799 (continued) 



CURRENT GAIN CHARACTERISTICS 



500 



300 



200 



2N3798 






















































































































T 






1 


>5°C 




Vce 


- 5 


V 


























































T 






25°C 
















































































































































-55°C 















































































.001 .002 .005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mAdc) 



1000 



700 
| 500 



300 











































































2M3799 
















































































































Ta 


= 


25 


C 












Vce 




5V 




























































































































T A = 


= 2 














































































































































Ta 






d5 


C 























.001 .002 .005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

l C( COLLECTOR CURRENT (mAdc) 



BASE-EMITTER "ON" VOLTAGE versus TEMPERATURE 




.01 .02 .05 0.1 0.2 0.5 1.0 2 5 10 .01 .02 .05 0.1 0.2 0.5 1.0 2 5 10 

l c , COLLECTOR CURRENT (mAdc) l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2n3883(GERMANIUM) f = 300 Mc : (typ) 

l c = 300 mA 

P D = 750 mW @ 25 °C Case 




Medium- current, germanium PNP high- speed switch- 
ing transistor. 



(TO-5) 

Collector connected to case 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

v CBO 


25 


Vdc 


Collector -Emitter Voltage 


V CEO 


15 


Vdc 


Emitter -Base Voltage 


v 

EBO 


3 


Vdc 


Collector Current (Continuous) 


l C 


300 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


T 

StR 


-65 to +100 


°C 


Device Dissipation @ 25°C Case Temperature 
(Derate 10 mW/°C above 25°C) 


P D 


750 


mW 


Device Dissipation @ 25 °C Ambient 
(Derate 4 mW/°C) 


P D 


300 


mW 
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Swiiching and General Purpose Transistors 

2N3883 (continued) 



ELECTRICAL CHARACTERISTICS (At25°C Ambient unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = -100/zAdc, I £ = 0) 


BV CBO 


— 


— 


-25 


Vdc 


Collector-Emitter Breakdown Voltage 
(I c = -lOmAdc, Ig = 0) 


BV CEO 


— 


— 


-15 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = -100/iAdc, I c =0) 


BV EBO 


— 


— 


-3 


Vdc 


Latch -Up Voltage 


LV CEX 






-20 


Vdc 


Collector-Emitter Leakage Current 
{V CE ~ 15 VdC » EB " 0} 


'CES 


-100 






/iAdc 


Base Cutoff Current 

(V CE - -15 Vdc, V EB . 0) 


■b 


-100 


— 





/lAdc 


DC Current Gain 
(I c = -20C mAdc, V CE = -1.0 Vdc) 


h FE 


— 


- 


30 




(I c = -200 mAdc, Ig = -40 mAdc 


v CE(sat) 


-0.5 


-0.35 


— 


Vdc 


Base -Emitter Voltage 

(I c = -200 mAdc, I B = -40 mAdc) 


V BE 


-0.9 


-0. 65 


-0.4 


Vdc 


Output Capacitance 

(V - -10 Vrir T -Of- 100 kc) 
\ » — -iu vat, ig - u, i - iuu 


C ob 


g 


4. 5 




Pf 


Input Capacitance 

(V EB = 1 Vdc, I c =0, f = 100kc) 


c 

lb 


25 


10 


— 


pf 


Current-Gain — Bandwidth Product 

(V CE = -10 Vdc, I c = -40 mAdc, f = 100 mc) 


f T 




300 


100 


mc 


Delay Time 


l d 


15 


8 




nsec 


Rise Time 


l r 


40 


28 




nsec 


Storage Time 


's 


70 


40 




nsec 


Fall Time 


fc f 


40 


28 




nsec 



STORAGE TIME VARIATIONS 













U. = In 


















lc/0o< 


<l«2 

























































































I,, BASE CURRENT (mAdc) l„/l, 2 , CIRCUIT DRIVE RATIO 
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Switching and General Purpose Transistors 

2N3883 (continued) 



SWITCHING TIME TEST CIRCUIT 



200nsec 

,M 



GENERATOR ^ = 500 
INPUT PULSE t, < 5nsec 



50J2 

— wv— 



250J2 
-AAAr- 



Scopet, ^ 5 nsec 
Scope R| N — 100 KQ 
Scope Cin — 10 pf 



l c = 200 mA 
l l( =40mA 
l„ = 40mA 




BASE-EMITTER VOLTAGE 

COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT versus COLLECTOR CURRENT 




U, BASE CURRENT (mAdc) l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N3883 (continued) 



TEMPERATURE COEFFICIENTS 



NORMALIZED CURRENT GAIN CHARACTERISTICS 




-50 -100 -150 -200 -250 

l c , COLLECTOR CURRENT (mAdc) 



-20 -30 -50 -70 -100 -200 -300 

l c , COLLECTOR CURRENT (mAdc) 



LEAKAGE CHARACTERISTICS COMMON EMITTER 



JUNCTION CAPACITANCE versus REVERSE VOLTAGE 



3 
-1 



3 30 
~ 20 




biased. I c is always less than \ S i for V 0 > > 
- Vt. (V 0 b is off condition base bias, V T is base 
_ voltage at threshold of conduction.) 




0.5 1.0 1.5 

V 0 |, BASE-EMITTER REVERSE BIAS (VOLTS) 















































































--C ob — 
















V 




















s 

\ 



























REVERSE BIAS (VOLTS) 
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Switching and General Purpose Transistors 



2N3903 (SILICON) 

2n3904 




V CB = 60V 

lc = 200 mA 

Cob =4.0pf(max) 



CASE 29 

(TO-92) 




NPN silicon annular transistors, designed for gen- 
eral purpose switching and amplifier applications , 
features one-piece, injection- molded plastic package 
for high reliability. The 2N3903 and 2N3904 are com- 
plementary with types 2N3905 and 2N3906, respectively. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Basfc Voltage 


V CB 


60 


Vdc 


Collector- Emitter Voltage 


VCEO 


40 


Vdc 


Emitter-Base Voltage 


V EB 


6 


Vdc 


Collector Current 




200 


mAdc 


Total Device Dissipation @ T^ = 60°C 


Pd 


210 


mW 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


Pd 


310 
2.81 


mW 
mW/°C 


Thermal Resistance, Junction to Ambient 


GJA 


0.357 


°C/mW 


Junction Operating Temperature 


Tj 


135 


°C 


Storage Temperature Range 


T stg 


-55 to +135 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 



Symbol |Min | Max Unit 



OFF CHARACTERISTICS 



Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


BV CBO 


60 




Vdc 


Collector-Emitter Breakdown Voltage* 
(Iq = 1 mAdc) 


BV CEO* 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /iAdc, Ic = 0) 


BV EBO 


6 




Vdc 


Collector Cutoff Current 
(V CE = 40 Vdc, V QB = 3 Vdc) 


ICEX 




50 


nAdc 


Base Cutoff Current 
(V CE = 40 Vdc, V QB = 3 Vdc) 






50 


nAdc 



♦Pulse Test: Pulse Width =300 /isec, Duty Cycle = 2%. 



• Reverse Bias 
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Switching and General Purpose Transistors 

2N3903, 2N3904 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


ON CHARACTERISTICS 


DC Current Gain * 
(IC = 0.1 mAdc, V CE = 1 Vdc) 


2N3903 
2N3904 


n FE* 


20 
40 


— 




Gc' = 1. 0 mAdc, V CE « 1 Vdc) 


2N3903 
2N3904 




35 
70 






{Iq ' 10 mAdc, V CE = 1 Vdc) 


2N3903 
2N3904 




50 
100 


150 
300 




(Iq * 50 mAdc 


, V CE = 1 Vdc) 


2N3903 
2N3904 




30 
60 






(IC = 100 mAdc, V CE = 1 Vdc) 


2N3903 
2N3904 




15 
30 






Collector- Emitter Saturation Voltage* 
(IC * 10 mAdc, I B - 1 mAdc) 

{Iq = 50 mAdc, Ig = 5 mAdc) 


v CE(sat)* 




0.2 
0.3 


Vdc 


Base-Emitter Saturation Voltage* 
(Iq = 10 mAdc, I B = 1 mAdc) 

(Iq = 50 mAdc, Ig = 5 mAdc) 


V BE(sat)* 


0.65 


0.85 
0.95 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


High Frequency Current Gain 
(Iq = 10 mA, V C e = 20 V, f = 100 mc) 


2N3903 
2N3904 


l-fel 


2.5 
3.0 






Current- Gain— Bandwidth Product 
(I c = 10 mA, V CE = 20 V, f = 100 mc) 


2N3903 
2N3904 


f T 


250 
300 




mc 


Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 100 kc) 


c ob 


s 


4 


Pi 


Input Capacitance 
(V QB =0.5 Vdc, Ic = 0, f = 100 kc) 


c ib 




8 


P* 


Small Signal Current Gain 
(IC = 1.0 mA, V CE = 10 V, £ = 1 kc) 


2N3903 
2N3904 


h £e 


50 
100 


200 
400 




Voltage Feedback Ratio 
(Ic = 1.0 mA, V CE = 10 V, f = 1 kc) 


2N3903 
2N3904 


h re 


0.1 
0.5 


5.0 
8.0 


X10" 4 


Input Impedance 
(I c = 1.0 mA, 


V CE = 10 V, f= 1 kc) 


2N3903 
2N3904 


"ie 


0.5 
1.0 


8 

10 


Kohms 


Output Admittance 
(I c = 1.0 mA, V CE = 10 V, f =1 kc) 


Both Types 


n oe 


1.0 


40 


/i mhos 


Noise Figure 
(IC = 100 MA, V CE = 5 V, R g =1 Kohms, 
Noise Bandwidth = 10 cps to 15. 7 kc) 


2N3903 
2N3904 


NF 




6 
5 


db 


SWITCHING CHARACTERISTICS 


Delay Time 


V C c = 3 Vdc, Vqb = °- 5 vd c, 




*d 




35 


nsec 


Rise Time 


Ic = 10 mAdc, I B1 = 1 mA 




tr 




35 


nsec 


Storage Time 


Vcc = 3 vdc » k: = 10 roAdc. 
IBI = I B 2 = 1 mAdc 


2N3903 
2N3904 






175 
200 


nsec 


Fall Time 








50 


nsec 



*Pulse Test: Pulse Width = 300 fisec, Duty Cycle = 2% V QB = Base Emitter Reverse Bias 
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Switching and General Purpose Transistors 



2N3903, 2N3904 (continued) 



TRANSIENT CHARACTERISTICS 
--Tj = 125*C 



— T, = 25*C 
CAPACITANCE 




M 02 0.3 0.5 0.7 1.0 2.0 3.0 5,0 7.0 10 20 30 40 
REVERSE BUS VOLTAGE (VOLTS) 



TURN-ON TIME 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c , COLLECTOR CURRENT (niA) 

STORAGE TIME 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c , COLLECTOR CURRENT (mA) 



DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 

+10.6 V 



CHARGE DATA 



aoooh'c 1 *": 10 



§■ 700 
| 500 

d 300 
200 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c , COLLECTOR CURRENT (mA) 



RISE TIME 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c , COLLECTOR CURRENT (mA) 

FALL TIME 




2.0 3.0 5.0 7.0 10 20 30 50 70 100 
l c , COLLECTOR CURRENT (mA) 



300 nsec 
DUTY CYCLE = 2% 



-0.5 V 



: 1 nsec -*■ L- 



STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 

+ 3V? 10<t,< 500 / xsec-*r_t 1 | +logv +3V 

275 Q DUTY CYCLE = 2% ( \ | 2 75fi 




-9.1V- 



-*•] \+- < 1 nsec 

*Total shunt capacitance of test jig and connectors 




_jC,<4pf* 
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Switching and General Purpose Transistors 

2N3903, 2N3904 (continued) 



AUDIO SMALL-SIGNAL CHARACTERISTICS 
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Switching and General Purpose Transistors 



2N3903, 2N3904 (continued) 



STATIC CHARACTERISTICS 
NORMALIZED CURRENT GAIN 




2.0 3.0 5.0 7.0 10 
l c , COLLECTOR CURRENT (mA) 



COLLECTOR SATURATION REGION 



















































j = 


... 
= 2 


>°C 


































































l c =lmi 












c 


= 10mA 










Orr 


A 
















= 10C 


mA 




























































































f 



















































































































































































































































































.02 .03 .05 .07 0.1 



0.2 0.3 0.5 0.7 1.0 

l B , BASE CURRENT (mA) 



2.0 3.0 5.0 7.0 10 



"ON" VOLTAGES 



TEMPERATURE CO-EFFICIENTS 



1 1 

. t . — 9«;°r 




















•j 




















v rat u/i. = in 


























(UT 






































































'be 


@v 


:e = 1 


V 






























































































































-. V CE 


(«** 




c/l 


1 = 


-1 


) 









































































































5.0 10 20 50 100 200 

l c , COLLECTOR CURRENT (mA) 




20 40 60 80 100 120 140 160 180 200 
l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2n3905 (SILICON) 

2n3906 




V CB = 40 V 

l c = 200 mA 

C 0 b = 4.5 pf (max) 



CASE 29 

(TO-92) 



PNP silicon annular transistor, designed for gen- 
eral purpose switching and amplifier applications , 
features one-piece, injection- molded plastic package 
for high reliability. The 2N3905 and 2N3906 are com- 
plementary with types 2N3903 and 2N3904, respectively. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


V CB 


40 


Vdc 


Collector-Emitter Voltage 


v CEO 


40 


Vdc 


Emitter -Base Voltage 


v EB 


5 


Vdc 


Collector Current 


l C 


200 


mAdc 


Total Device Dissipation @ T A = 60°C 


PD 


210 


mW 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


Pd 


310 
2.81 


mW 
mW/°C 


Thermal Resistance, Junction to Ambient 


G JA 


0.357 


°C/mW 


Junction Operating Temperature 


Tj 


135 


°C 


Storage Temperature Range 


T stg 


-55 to +135 


°C 



ELECTRICAL CHARACTERISTICS (Ta == 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(I c = 10 /xAdc, I E = 0) 


BV CBO 


40 




Vdc 


Collector- Emitter Breakdown Voltage* 
(1q = 1 mAdc) 


BV CEO* 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 nAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V C E = 40 Vdc > V OB = 3 Vdc ) 


^EX 




50 


nAdc 


Base Cutoff Current 
(V CE = 40 Vdc, V OB = 3 Vdc) 






50 


nAdc 



♦Pulse Test: Pulse Width = 300 paec, Duty Cycle - 2% V QB = Base Emitter Reverse Bias 
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Switching and General Purpose Transistors 

2N3905, 2N3906 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


ON CHARACTERISTICS 


DC Current Gain* 
(Iq = 0.1 mAdc, V CE = 1 Vdc) 


2N3905 
2N3906 


h FE * 


30 
60 


— 


— 


(I C = 1.0 mAdc, V CE = 1 Vdc) 


2N3905 
2N3906 




40 
80 


z 




(1q = 10 mAdc 


, V CE = 1 Vdc) 


2N3905 
2N3906 




50 
100 


150 
300 




(1q = 50 mAdc 


, V CE = 1 Vdc) 


2N3905 
2N3906 




30 
60 






(I c = 100 mAdc, V CE = 1 Vdc) 


2N3905 
2N3906 




15 
30 






Collector- Emitter Saturation Voltage* 
(IC = 10 mAdc, Ig = 1 mAdc) 




v CE(sat)* 




0.25 


Vdc 


(1q = 50 mAdc 


, Ig = 5 mAdc) 








0.4 




Base-Emitter Saturation Voltage* 
(Iq = 10 mAdc, I B = 1 mAdc) 




v BE(sat)* 


0.65 


0.85 


Vdc 


{Iq = 50 mAdc 


, Ig = 5 mAdc) 








0.95 




SMALL SIGNAL CHARACTERISTICS 


High- Frequency Current Gain 
(IC = 10 mAdc, V CE = 20 Vdc, f = 100 mc) 


2N3905 
2N3906 


l h fel 


2.0 
2.5 






Current-Gain— Bandwidth Product 
(I c = 10 mAdc, V C e = 20 Vdc, f = 100 mc) 


2N3905 
2N3906 


f T 


200 
250 




mc 


Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 100 kc) 


C ob 




4.5 


pf 


Input Capacitance 
(V QB = 0.5 Vdc, Ic = 0, f = 100 kc) 


C ib 




10 


pf 


Small Signal Current Gain 
(I C = 1.0 mA, V CE = 10 V, f = 1 kc) 


2N3905 
2N3906 


h fe 


50 
100 


200 
400 




Voltage Feedback Ratio 
(I c = 1.0 mA, V CE = 10 V, f =1 kc) 


2N3905 
2N3906 


h re 


0.1 
1.0 


5 
10 


X10" 4 


Input Impedance 
(IC = 1.0 mA, V C e = 10 V, f = 1 kc) 


2N3905 
2N3906 


h ie 


0.5 
2.0 


8 

12 


Kohms 


Output Admittance 
(1^ = 1.0 mA, V CE = 10 V, f = 1 kc) 


2N3905 
2N3906 


h oe 


1.0 
3.0 


40 
60 


/xmhos 


Noise Figure 
(I c = 100 mA, V CE = 5 V, R g = 1 Kohms, 
Noise Bandwidth = 10 cps to 15. 7 kc) 


2N3905 
2N3906 


NF 




5.0 
4.0 


db 


SWITCHING CHARACTERISTICS 


Delay Time 


V CC = 3 Vdc > v OB = °- 5 vdc > 




*d 




35 


nsec 


Rise Time 


Ic = 10 mAdc, Igj = 1 mA 




*r 




35 


nsec 


Storage Time 


V cc = 3 Vdc, Ic = 10 mAdc, 


2N3905 
2N3906 






200 
225 


nsec 


Fall Time 


*B1 = *B2 = 1 mAdc 


2N3905 
2N3906 


k 




60 
75 


nsec 



♦Pulse Test: PW » 300 /isec, Duty Cycle = 2% V QB = Base-Emitter Reverse Bias 
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Switching and General Purpose Transistors 



2N3905, 2N3906 (continued) 



TRANSIENT CHARACTERISTICS 
Tj = 25-C — -T, = 125 # C 



CAPACITANCE 



CHARGE DATA 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 
REVERSE BIAS (VOLTS) 



TURN-ON TIME 



o 70 




1.0 2.0 3.0 5.0 10 20 30 50 100 200 
l c . COLLECTOR CURRENT (mA) 



STORAGE TIME 





500 




300 




200 


I 


100 




70 




50 


1 




30 




20 




10 



in: 



rrm — r 
t',=t,-wt, 

Iii=Ik— 1. 



3000 
2000 



1 I T 
- I c /li = 10 - 
V CC = 40V. 




2: 



1.0 2.0 5.0 10 20 50 100 200 

l c . COLLECTOR CURRENT (mA) 

RISE TIME 



200 

_ 100 
| 70 
s 50 

































Ill 1 

V CC = 40V ~ 




























































- 













































































































































































































































































































































































1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c . COLLECTOR CURRENT (mA) 



FALL TIME 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
l c , COLLECTOR CURRENT (mA) 

DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 100 200 
l c , COLLECTOR CURRENT (mA) 

STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 



-3V? 



+9.1 V 



-H K<1 nsec 



i 275 U 



- 300 nsec 
DUTYCYCLE-2% 



C, < 4 pf * 



10 < t, < 500 /xsec 
DUTY CYCLE = 2% 




C,<4pf* 



*Total shunt capacitance of test jig and connectors 
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Switching and General Purpose Transistors 



2N3905, 2N3906 (continued) 



AUDIO SMALL SIGNAL CHARACTERISTICS 



NOISE FIGURE VARIATIONS 
V CE = 5Vdc,T A = 25°C 



FREQUENCY VARIATION 



SOURCE RESISTANCE 




0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 
f. FREQUENCY (kc) 

h PARAMETERS 
(V CE = 10 V,f = 1 kc, T A = 25°C) 




0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 
R„ SOURCE RESISTANCE (Kohms) 



CURRENT GAIN 



OUTPUT ADMITTANCE 



0.5 1.0 2.0 

l c , COLLECTOR CURRENT (mAdc) 



10 
7.0 





































/ 








































































































































/ 















































































































































































































































































































































0.5 1.0 2.0 5.0 10 

l c . COLLECTOR CURRENT (mAdc) 



INPUT IMPEDANCE 



0.5 1.0 2.0 

lc, COLLECTOR CURRENT (mAdc) 



VOLTAGE FEEDBACK RATIO 




0.5 1.0 2.0 
l c , COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N3905, 2N3906 (continued) 




0.1 0.2 0.3 0.5 0.7 1.0 



2.0 3.0 5.0 7.0 10 
l Cl COLLECTOR CURRENT (mA) 



20 30 50 70 100 20C 



COLLECTOR SATURATION REGION 



























-\ 




























L = 


= 2 


5°( 
































































lc = 


mA 

















c 


= 10 mA 








= 30 


TlA 


















lc = 


100 


TlA 




















































































1 





















































































































































































































































































































































.02 .03 .05 .07 0.1 



0.2 0.3 0.5 0.7 1.0 

l B , BASE CURRENT (mA) 



2.0 3.0 5.0 7.0 10 



"ON" VOLTAGES 



TEMPERATURE COEFFICIENTS 




1.0 2.0 5.0 10 20 50 100 200 

l Cl COLLECTOR CURRENT (mA) 




0 20 40 60 80. 100 120 140 160 180 200 
l Cl COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3946 (SILICON) 

2n3947 



Vceo = 40 V (min) 

l c = 200 mA 

f T = 250-300 Mc (min) 



NPN silicon annular transistors, designed for gen- 
eral purpose switching and amplifier applications , 
The 2N3946 and 2N3947 are complementary with types 
2N3250 and 2N3251, respectively. 

Collector connected to case 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


60 


Vdc 


Collector- Emitter Voltage 


v CEO 


40 


Vdc 


Emitter-Base Voltage 


V EBO 


6 


Vdc 


Collector Current 


J C 


200 


mAdc 


Total Device Dissipation @ T c = 25°C 
Derating Factor Above 25°C 


P D 


1.2 
6.9 


Watts 
mW/°C 


Total Device Dissipation @ T A = 25°C 
Derating Factor Above 25°C" 


PD 


0.36 
2.06 


Watt 
mW/°C 


Thermal Resistance 
Junction to Air 

Junction to Case 


0JA 
0JC 


0.49 
0.15 


°C/mW 
°C/mW 


Junction Operating Temperature 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



CASE 22 

(TO-18) 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 



Symbol Min Max Unit 



OFF CHARACTERISTICS 



Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


BV CBO 


60 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc) 


BV CE0 * 


40 




Vdc 


Emitter-Base Breakdown Voltage 
(Ir = 10 /iAdc, I c = 0) 


BV EB0 


6 




Vdc 


Collector-Cutotf Current 
(V CE = 40 Vdc, V 0B = 3 Vdc) 
(V CE - 40 Vdc, V 0B = 3 Vdc, T A = 150°C) 


X CEX 




.010 
15 


(iAdc 


Base Cutoff Current 
( V CE = 40 vdc . v OB = 3 Vdc ) 






.025 


/iAdc 



*Pulse Test: PW £ 300 /i sec, Duty Cycle s2% 



v rvn = Base-Emitter Reverse Bias 
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Switching and General Purpose Transistors 



2N3946, 2N3947 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 
(Ta = 25°C unless otherwise noted) 



Characteristic 



Symbol 



Min Max Unit 



ON CHARACTERISTICS 



DC Current Gain* 



(I c = 1.0 mAdc, V CE = 1 Vdc) 



Uc ■ 



V CE = 



(I c = 50 mAdc, V CE = 1 Vdc) 



1 Vdc) 


2N3946 




2N3947 


1 Vdc) 


2N3946 




2N3947 


1 Vdc) 


2N3946 




2N3947 


1 Vdc) 


2N3946 




2N3947 



h FE * 



30 
60 
45 
90 
50 
100 

20 
40 



Collector Saturation Voltage* 
(IC = 10 mAdc, Ig = 1 mAdc) 
(Iq = 50 mAdc, Ig = 5 mAdc) 



v CE(sat) 



Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, Ig = 1 mAdc) 
(1q = 50 mAdc, Ig = 5 mAdc) 



v BE(sat) 



TRANSIENT CHARACTERISTICS 



Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C 0b 




4 


pf 


Input Capacitance 
(V EB = 1 Vdc, I c = 0, f = 100 kc) 


C ib 




8 




Current-Gain - Bandwidth Product 
(I c = 10 mAdc, V CE = 20 Vdc, f = 100 mc) 2N3946 

2N3947 


f T 


250 
300 




mc 


Delay Time 


V cc = 3 Vdc, V OB = 0.5 Vdc 
Iq = 10 mAdc, Igj = 1 mA 


*d 




35 


nsec 


Rise Time 






35 


nsec 


Storage Time 


v 9. v t mn,A 2N3946 
V CC - 3 V, I c = 10 mA, 2N3947 

J B1 = -I B2 = 1 mAdc 


's 




300 
375 


nsec 


Fall Time 


tf 




75 


nsec 



SMALL SIGNAL CHARACTERISTICS 



Small- Signal Current Gain 
(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 2N3946 

2N3947 


h fe 


50 
100 


250 
700 




Voltage Feedback Ratio 
(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 2N3946 

2N3947 


n re 




10 
20 


X10-4 


Input Impedance 
(I C = 1.0 mA, V C£ = 10 V, f = 1 kc) 2N3946 

2N3947 


h ie 


0.5 
2 


6 

12 


kohms 


Output Admittance 
(I c = 1.0 mA, Vqe = 10 V, f = 1 kc) 2N3946 

2N3947 


h oe 


1 
5 


30 
50 


/i mhos 


Collector-Base Time Constant 
(I c = 10 mA, V CE = 20 V, f = 31.8 mc) 


r b C C 




200 


psec 


Wide Band Noise Figure 
(IC = 100 ixA, V CE = 5 V, R g = 1 kfi , f = 10 cps to 15.7 kc) 


NF 




5 


db 



♦Pulse Test: PW £ 300 jxsec, Duty Cycled 2% 



: Base- Emitter Reverse Bias 
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Switching and General Purpose Transistors 

2N3946, 2N3947 (continued) 



TYPICAL SWITCHING CHARACTERISTICS 

(Tj = 25°C unless otherwise noted) 



DELAY AND RISE TIME 





— ' 


^. 
















1 1 1 










s 














l c /l|=10 










































































• t 








sr-Vr 


c = ' 


OV' 














td 




S 

» = 








c=15V 






"2 


S394 


— 










Vo 
































1 = 


ov 








2N3946 
























v 





































1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l c> COLLECTOR CURRENT (mA) 



RISE TIME 





















i i 1 1 




c\r — 

vs. 




















Vcc = 15 Volts - 
l c /l|=10 ~ 
— T. = 25°C _ 
































































— Tj 


=1 


50°C 




























M394 

t 






























N374 





























































1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l c . COLLECTOR CURRENT (mA) 



STORAGE AND FALL TIMES 



2N3946 



2N3947 





















" — i c /'b = io — i5o°c : 

- — l c /l| = 20 — 150°C . 
































> 
















































































** > 


t 










< 










t, 



























































































































































3.0 5.0 7.0 10 20 
l c , COLLECTOR CURRENT (mA) 



1000 
700 
500 

300 

I 200 

100 
70 
50 



z — i c /i b = io — i5o°c : 

I — I c /Ib = 20 — 150°C '. 



2.0 3.0 5.0 7.0 10 

l c . COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3946, 2N3947 (continued) 



AUDIO SMALL-SIGNAL CHARACTERISTICS 





INPUT IMPEDANCE 




0.5 = I « 

0.2 1 II 1 1 I I I I I I II 1 I I I I 1 I 
0.1 0.2 0.5 1.0 2.0 5.0 10 

l c . COLLECTOR CURRENT (mAdc) 



VOLTAGE FEEDBACK RATIO 





























































































N 












2N 


394 


























\ 
































\ 














































/ 








2N3 


(\ 

946 


















/ 

































































0.1 0.2 0.5 1.0 2.0 5.0 10 

l c . COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 

2N3946, 2N3947 (continued) 
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Switching and General Purpose Transistors 

2N3946, 2N3947 (continued) 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

Ib, BASE CURRENT (mA) 
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Switching and General Purpose Transistors 



2N3959(SILICON) 

2n3960 




f T = 1800 Mc(typ) @ 10 mA and 10 V 
Cob and C ib = 2.5 pf (max) 
t r = 1 .7 nsec (typ) @ 30 m A 



CASE 22 

(TO- 18) 




NPN silicon annular transistor particularly well 
suited for high-speed current- mode logic switching ap- 
plications. 

Collector connected to case 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Ba.se Voltage 


v CBO 


on 
la) 


\Tr\r\ 

vac 


Collector- Emitter Voltage 
(1 to 30 mA) 


V CEO 


12 


Vdc 


Emitter- Base Voltage 


V EBO 


4.5 


Vdc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


750 
4.3 


mW 
mW/°C 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


Pd 


400 
2.3 


mW 
mW/°C 


Thermal Resistance" 
Junction to Case 
Junction to Ambient 


0JC 
0JA 


0.233 
0.436 


°C/mW 


Junction Operating Temperature Range 


Tj 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
0c = 10 /xAdc, I E = 0) 




BV CBO 


20 




Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 




BV CEO 


12 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /iAdc, I c = 0) 




BV EBO 


4.5 




Vdc 


Collector Reverse Current 
(V C£ = 10 Vdc, V EB = 2 Vdc) 
(V CE = 10 Vdc, V EB = 2 Vdc, T A = 150°C) 


9 


JCEX 




.005 
5 


/LtAdc 


Base Cutoff Current 
(V CE = 10 Vdc, V EB = 2 Vdc) 


9 






.005 


li Adc 


Collector Forward Current 
( V CE = 5 Vdc, V BE =0.4 Vdc) 


9 


r CEX 




0.10 


MAdc 
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Switching and General Purpose Transistors 

2N3959, 2N3960 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 1.0 mAdc, V CE = 1 Vdc) 
(I c = 10 mAdc, V CE = 1 Vdc) 
(Ic = 30 mAdc, V CE = 1 Vdc) 


1 


h FE 


25 
40 
25 


200 




Collector- Emitter Saturation Voltage 
(IC = 1.0 mAdc, I B = 0.1 mAdc) 
(I c = 30 mAdc, I B » 3 mAdc) 


2,3,4 


V CE(sat) 




0.2 
0.3 


Vdc 


Base-Emitter "ON" Voltage 
(I c = 1.0 mAdc, V CE = 1.0 Vdc) 
(I c = 30 mAdc, V CE = 1.0 Vdc) 


3,4 


V BE(ON) 




0.8 
1.0 


Vdc 


TRANSIENT CHARACTERISTICS 


Output Capacitance 
(Vcb = 4 Vdc » l E = °> f = 1 kc > 


8 


C ob 




2.5 


P* 


Input Capacitance 
(V EB = 0.5 Vdc, Ic = 0, f = 100 kc) 


8 






2.5 


pf 


High- Frequency Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 mc) 2N3959 

2N3960 






13 
16 






Current- Gain - Bandwidth Product 
(I r = 5 mAdc, V.p = 4 Vdc, f = 100 mc) 2N3959 

u ^ 2N3960 
(I~ = 10 mAdc, V rP = 10 Vdc, f = 100 mc) 2N3959 

c ^ 2N3960 
(I r = 30 mAdc, V CE = 4 Vdc, f = 100 mc) 2N3959 

^ 2N3960 


5 


f T 


1000 
1300 
1300 
1600 
1000 
1200 




mc 


Collector-Base Time Constant 
(I r = 5 mAdc, V rE = 4 Vdc) 2N3959 

2N3960 

(Ip = 10 mAdc, V rP = 10 Vdc) 2N3959 
c 2N3960 

(Ip = 30 mAdc, Vp P = 4 Vdc) 2N3959 
° utl 2N3960 


6 


r b C c 




30 
50 
25 
40 
30 
50 


psec 


TYPICAL SWITCHING TIMES 


Typical Performance 
< v out = 1V > 




@ 10 mA 


@ 30 mA 


Turn-On Delay Time 

Rise Time 2N3959 

2N3960 


7 


t on(delay) 
*r 


2.4 

3 
3 


2 

2.2 
1.7 


nsec 

nsec 
nsec 


Turn- Off Delay Time 

Fall-Time 2N3959 

2N3960 


7 


^(delay) 
tf 


1.6 

3.3 
3.3 


1.6 

2.3 
1.9 


nsec 

nsec 
nsec 
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Switching and General Purpose Transistors 



2N3959, 2N3960 (continued) 



FIGURE 1 
MINIMUM DC CURRENT GAIN 



FIGURE 2 
COLLECTOR SATURATION REGION 



Tj = 175°C 



Tj = 100 °C 




2.0 3.0 5.0 7.0 10 
l c , COLLECTOR CURRENT (mA) 

FIGURE 3 
"ON" VOLTAGE LIMITS 



















































E - 




MAXVbe 


















































MIN V EE 






























= 25° 


c - 


























Tj 














































































h 


1AX 


Vc 


E(. 


.t 


@ Ic/Ib 


= 10 





































1.0 2.0 3.0 5.0 7.0 10 

lc, COLLECTOR CURRENT (mA) 



This graph shows the effect of base current _ 
on collector current. /?„ is the transistor 
current gain at the edge of saturation ob- 
(forced gain) 




2 2.5 3 3.5 

OVERDRIVE FACTOR (£ 0 /;8f> 

FIGURE 4 

MAXIMUM COLLECTOR-BASE TIME CONSTANT 



I 20 
3 





















1 1 i 


























Tj = 25°C 
-V CE = 4V 










































2N^q 


n x 










dc - 
Vdc- 
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2N395 






























9 


L 











































































































































1.0 2.0 3.0 5.0 7.0 10 20 30 

l c . COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 

2N3959, 2N3960 (continued) 



FIGURE 7 
TYPICAL SWITCHING TIMES 




3 4 5 7 10 
l c , COLLECTOR CURRENT (mA) 



turn-off delay 



mm 



V„iu=2V 

Tj = 25°C 
R S = R L 



3 -4 5 7 10 
l c , COLLECTOR CURRENT (mAdc) 



TEST CIRCUIT 



V CC (+5.3V) 



PULSE WIDTH - 10 jusec 

6 db pad 
v fl8Q 18 ST] 



THIS TEST SET UP IS DESIGNED TO SIMU- 
LATE A CASCADE OF IDENTICAL STAGES. 
.". THE SOURCE RESISTANCE (R s ) EQUALS 
THE LOAD RESISTANCE (R L ). VALUES USED 
IN THE TEST ARE SHOWN IN THE TABLE. 



FOR V in = V out = IV, V BB = +0.5V, 
! L & R K VALUES APPROPRIATELY REDUCED 




V EE (-25.3V) ' 



V in = V out = 2 volts, V BB = +1.0V 


IcdnA) 


R E (Kfi) 


R L K21 


Rk(Q) 


1.0 


24.0 


2K 


2K 


3.0 


8.2 


680 


680 


10 


2.4 


200 


180 


30 


0.8 


68 


36 



FIGURE 8 
JUNCTION CAPACITANCE 



0.04 
0.02 
0.01 

0.00.4 
0.002 
0.001 



-3 



Tj-25°C 
- MAXIMUM 
-TYPICAL 



REVERSE BIAS (VOLTS) 



FIGURE 9 

MAXIMUM CUT-OFF CHARACTERISTICS 
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0.4 0.2 0 0.2 0.4 0.6 

■ REVERSE BIAS FORWARD BIAS — ► 

V BE BASE EMITTER VOLTAGE (VOLTS) 
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■ Switching and General Purpose Transistors 



2N4123 (SILICON) 

2n4124 





Vceo to 30 V 
l c == 200 mAdc 



W\ NPN silicon transistors designed for general purpose 

™ switching and amplifier applications and for comple- 

mentary circuitry with PNP types 2N4125and2N4126. 
Features one-piece, injection-molded plastic package 
CASE 29 for high reliability. 

(TO-92) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4123 


2N4124 


Unit 


Collector-Emitter Voltage 


v 

v CEO 


30 


25 


Vdc 


Collector-Base Voltage 


v 

V CB 


40 


30 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current 


x c 


200 


mAdc 


Total Device Dissipation @ T A = 60°C 


P D 


210 


mW 


Total Device Dissipation @ T A = 25 °C 
Derate above 25°C 


P D 


310 
2.81 


mW 
mW/°C 


Operating and Storage Junction Temperature Range 


T J' T stg 


-55 to +135 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


*JA 


0.357 


°C/mW 
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Swiiching and General Purpose Transistors 

2N4123, 2N4124 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



| Characteristic | Fig. No. | Symbol | Min | Max | UnTT] 

OFF CHARACTERISTICS 



Collector-Emitter Breakdown Voltage* 

(I„ = 1 mAdc, L, = 0) 2N4123 
c * 2N4124 




BV CEO* 


30 

25 




Vdc 


Collector-Base Breakdown Voltage 

(U = 10 /xAdc, I_ = 0) 2N4123 
L b 2N4124 




BV CBO 


40 
30 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 MAdc, I c = 0) 




BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 




"CBO 




50 


nAdc 


Emitter Cutoff Current 
(V BE = 3 Vdc, I c = 0) 




T EBO 




50 


nAdc 



ON CHARACTERISTICS 



DC Current Gain* 

(I_ = 2 mAdc, V„„ = 1 Vdc) 2N4123 
C CE 2N4124 


9 


h FE* 


50 
120 


150 

360 




(I„ = 50 mAdc, V nv = 1 Vdc) 2N4123 
c Cb 2N4124 






25 
60 






Collector-Emitter Saturation Voltage* 
U c = 50 mAdc, I R = 5 mAdc) 


10. 11 


V CE(sat)* 




0.3 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 50 mAdc, Ig = 5 mAdc) 


11 


V BE(sat)* 




0.95 


Vdc 



SMALL SIGNAL CHARACTERISTICS 



High- Frequency Current Gain 

(I„ = 10 mAdc, V^„ = 20 Vdc, f = 100 MHz) 2N4123 
C CE 2N4124 




I h fe| 


2.5 
3.0 






Current-Gain — Bandwidth Product 

(I„ = 10 mAdc, V„ P = 20 Vdc, f = 100 MHz) 2N4123 
c Cfc - 2N4124 




f T 


250 
300 




MHz 


Output Capacitance 

(V CB = 5 Vdc, I E = 0, f = 100 kHz) 


1 


C ob 




4 


pF 


Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 


1 


C ib 




8 


pF 


Small-Signal Current Gain 

(I„ = 2 mAdc. V„„ = 1 Vdc, f = 1 kHz) 2N4123 
C CE 2N4124 


5 


h fe 


50 
120 


200 
480 




Noise Figure 

(I c = 100 fiAdc, V CE = 5 Vdc, R g = 1 kohm, 

Noise Bandwidth = 10 Hz to 15. 7 kHz) 2N4123 
2N4124 


3, 4 


NF 




6 
5 


dB 



SWITCHING CHARACTERISTICS 



Characteristic 


Fig. No. 


Symbol 


Typ 


Unit 


Delay Time 


V cC =3Vdc, V EB{off) = 0.5Vdc, 
I c = 10 mAdc, I B1 = 1 mAdc 


2 


4 d 


24 


ns 


Rise Time 


2 


*r 


13 


ns 


Storage Time 


V cc = 3 Vdc, I c = 10 mAdc, 
T B1 = T B2 = 1 mAdc 


2 


t 

s 


125 


ns 


Fall Time 


2 


l f 


11 


ns 



♦Pulse Test: Pulse Width = 300 jis, Duty Cycle = 2% 
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Switching and General Purpose Transistors 



2N4123, 2N4124 (continued) 



AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

V CI = 5 Vdc, T A = 25*C 



FIGURE 3 - FREQUENCY VARIATIONS 




0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 .100 
f. FREQUENCY (kHi) 



FIGURE 4 -SOURCE RESISTANCE 




0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 
R s , SOURCE RESISTANCE (ktt) 



h PARAMETERS 

V CE = 10 V, f = 1 kHz. T A = 25*C 



FIGURE 5 -CURRENT GAIN 



0.5 1.0 2.0 

l c , COLLECTOR CURRENT (mAdc) 



FIGURE 6 - OUTPUT ADMITTANCE 



0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mAdc) 



20 
10 

1 5.0 
S 

| 2.0 
5 1.0 



FIGURE 7 — INPUT IMPEDANCE 



FIGURE 8 - VOLTAGE FEEDBACK RATIO 



0.5 1.0 2.0 

l c . COLLECTOR CURRENT (mAdc) 




0.5 1.0 2.0 5.0 10 

lc, COLLECTOR CURRENT (mAdc) 
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Switching and General Purpose Transistors 



2N4123, 2N4124 (continued) 



STATIC CHARACTERISTICS 
FIGURE 9 - NORMALIZED CURRENT GAIN 




0.2 0.3 0.5 0.7 1.0 



2.0 3.0 5.0 7.0 10 
l c . COLLECTOR CURRENT (mA) 



20 30 50 70 100 200 



FIGURE 10 — COLLECTOR SATURATION REGION 
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.02 .03 .05 .07 0.1 0.2 0.3 0.5 , 0.7 1.0 2.0 3.0 5.0 7.0 10 

l B , BASE CURRENT (mA) 



FIGURE 11 -"ON" VOLTAGES 



FIGURE 12 -TEMPERATURE COEFFICIENTS 
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l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 



2N4125 (SILICON) 

2n4126 




CASE 29 

(TO-92) 




Vceo to 30V 
I c = 200 mAdc 



PNP silicon transistors designed for general purpose 
switching and amplifier applications and for comple- 
mentary circuitry with NPN types 2N4123 and2N4124 
Features one-piece, injection-molded plastic package 
for high reliability. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4125 


2N4126 


Unit 


Collector-Emitter Voltage 


V CEO 


30 


25 


Vdc 


Collector-Base Voltage 


V CB 


30 


25 


Vdc 


Emitter -Base Voltage 


v 

EB 


4 


Vdc 


Collector Current 


'c 


200 


mAdc 


Total Device Dissipation @ T A = 60°C 


P D 


210 


mW 


Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 


P D 


310 
2.81 


mW 

mW/°C 


Operating and Storage Junction Temperature Range 


T J' T st g 


-55 to +135 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


*JA 


0.357 


°C/mW 
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Switching and General Purpose Transistors 

2N4125, 2N4126 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
(I c = 1 mAdc. I E = 0) 


2N4125 
2N4126 




BV CEO* 


30 
25 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 10 /xAdc, I E = 0) 


2N4125 
2N4126 




BV CBO 


30 
25 




Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 nAdc, I c = 0) 




BV EBO 


4 




Vdc 


Collector Cutoff Current 
(V Cfi = 20 Vdc, I E = 0) 




'cBO 




50 


nAdc 


Emitter Cutoff Current 
(V B£ = 3 Vdc, I c = 0) 




T EBO 




50 


nAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I c = 2 mAdc, V CE = 1 Vdc) 


2N4125 
2N4126 


9 


h FE* 


50 
120 


150 
360 




(I c = 50 mAdc, V CE = 1 Vdc) 


2N4125 
2N4126 






25 
60 






Collector-Emitter Saturation Voltage* 
(I c = 50 mAdc, Ig = 5 mAdc) 


10. 11 


V CE(sat)* 




0.4 


Vdc 


Base-Emitter Saturation Voltage* 
(I c = 50 mAdc, I B = 5 mAdc) 


ii 


V BE(sat)* 




0.95 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


High- Frequency Current Gain 

d c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 


2N4125 
2N4126 




l h fe| 


2.0 
2.5 






Current-Gain — Bandwidth Product 

d c = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 


2N4125 
2N4126 




f T 


200 
250 




MHz 


Output Capacitance 

(V CB = 5 Vdc, I E = 0, f = 100 kHz) 


i 


C ob 




4.5 


P F 


Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 




C ib 




10 


pF 


Small-Signal Current Gain 

(I c = 2 mAdc. V CE = 1 Vdc, f = 1 kHz) 


2N4125 
2N4126 


5 


h fe 


50 
120 


200 
480 




Noise Figure 

d c = 100 /iAdc. V CE = 5 Vdc, R g = 1 kohm, 




3, 4 


NF 






dB 


Noise Bandwidth = 10 Hz to 15. 7 kHz) 


2N4125 
2N4126 








5.0 
4.0 





SWITCHING CHARACTERISTICS 



Characteristic 


Fig. No. 


Symbol 


Typ 


Unit 


Delay Time 


V cc = 3Vdc, V BE(off) = 0.5Vdc, 
I c = 10 mAdc. I Q1 = 1 mAdc 


2 


*d 


25 


ns 


Rise Time 


2 


l r 


18 




Storage Time 


V cc = 3 Vdc, I c = 10 mAdc, 
T B1 = *B2 = 1 mAdc 


2 


t S 


140 




Fall Time 


2 


*l 


15 


ns 



*Pulse Test: Pulse Width = 300 Msec, Duty Cycle = 2% 
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Switching and General Purpose Transistors 



2N4125, 2N4126 (continued) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

V ct = 5 Vdc, T A = 25*C 



FIGURE 3 — FREQUENCY VARIATIONS FIGURE 4-SOURCE RESISTANCE 




l c = 50 uA 

ol 1 1 — " — u 1 1 — I — LJ 1 1 — LJJ 0 I 1 1 — I — U 1 1 — L_U 1 1 — L-U 

0.1 0.2 0.4 1 2 4 10 20 40 100 0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 



f, FREQUENCY (kHz) R s , SOURCE RESISTANCE (kfl) 
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Switching and General Purpose Transisfors 



2N4125, 2N4126 (continued) 



STATIC CHARACTERISTICS 
FIGURE 9 - NORMALIZED CURRENT GAIN 




2.0 3.0 5.0 7.0 10 
l c , COLLECTOR CURRENT (mA) 



FIGURE 10 -COLLECTOR SATURATION REGION 




.01 .02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l B , BASE CURRENT (mA) 




Switching and General Purpose Transistors 



2N4260 (SILICON) V CB =15V 

lc = 30mA 

2N4Z61 n nM 1Af 

P D = 200 mW 



PNP silicon annular transistors, designed for high- 
speed current- mode logic switching applications and for 
complementary circuitry with NPN types 2N3959 and 
2N3960. 



CAjSE 20 

(TO-72) 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

v CEO 


15 


Vdc 


Collector -Base Voltage 


V CB 


15 


Vdc 


Emitter-Base Voltage 


V 
EB 


4.5 


Vdc 


Collector Current - Continuous 


l C 


30 


mAdc 


Total Device Dissipation @ = 25°C 
Derate above 25°C 


P D 


200 
1.14 


mW 

mW/°C 


Operating and Storage Junction Temperature Range 


T J' T stg 


-65 to +200 


°C 
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Switching and General Purpose Transistors 

2N4260, 2N4261 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic | Fig. No. | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I E = 0) 




BV CEO 


15 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 




BV CBO 


15 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 M Adc, I c = 0) 




BV EBO 


4.5 




Vdc 


Collector Cutoff Current 

(V CE = 10 Vdc, V BE(off) = 2 Vdc) 

(V CE = 10 Vdc, V BE(off) = 2 Vdc, T A = 150°C) 

(V CE = 10Vdc, V EB(on) = 0.4Vdc) 




! CEX 




0.005 
5.0 
0. 05 


MAdc 


Base Cutoff Current 

(V CE = 10Vdc, V BE(of{) = 2 Vdc) 




'bl 




0.005 


MAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 1 mAdc, V CE = 1 Vdc) 

(I c = 10 mAdc, V CE = 1 Vdc) 

(I c = 30 mAdc, V CE = 2 Vdc) 


1 


h FE 


25 
30 
20 


150 




Collector-Emitter Saturation Voltage 
(I c = 1 mAdc, I B = 0. 1 Adc) 

(I c = 10 mAdc, I B = 1 mAdc) 


2, 3, 4 


V CE(sat) 




0.15 
0.35 


Vdc 


Base-Emitter On Voltage 
(I c = 1 mAdc, V CE = 1 Vdc) 

(I c = 10 mAdc, V CE = 1 Vdc) 


3, 4 


V BE(on) 




0.8 
1.0 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I r = 5 mAdc, V rP = 4 Vdc, f = 100 MHz) 2N4260 
^ ^ 2N4261 

(I r = 10 mAdc. V rp = 10 Vdc, f = 100 MHz) 2N4260 
c c 2N4261 


5 


f T 


1200 
1500 
1600 
2000 




MHz 


High-Frequency Current Gain 

(I„ = 10 mAdc, V„„ = 10 Vdc, f = 100 MHz) 2N4260 
C CE 2N4261 




N 


16 
20 






Output Capacitance 

(V CB = 4 Vdc, I E = 0, f = 100 kHz) 


8 


C ob 




2.5 


pF 


Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 


8 


C ib 




2.5 


pF 


Collector-Base Time Constant 

(I„ = 5 mAdc, V rr , = 4 Vdc, f = 31. 8 MHz) 2N4260 
^ ^ 2N4261 

(I„ = 10 mAdc, V_„ = 10 Vdc, f = 31. 8 MHz) 2N4260 
C CE 2N4261 


6 


r b C c 




35 
60 

30 
50 


ps 


TYPICAL SWITCHING TIMES 


Typical Performance 

(v =1V) 
out 




@ 10 raA 


@ 30 mA 


Turn- On Delay Time 
Rise Time 


Test 
Circuit 
Figure 7 


^nfaelay) 
l r 


1.0 
0.5 


1.2 
0.9 


ns 
ns 


Turn- Off Delay Time 
Fall-Time 


Test 
Circuit 
Figure 7 


^ffCdelay) 
*f 


1.0 
1.0 


1.2 
1.2 


ns 
ns 
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Switching and General Purpose Transistors 

2N4260, 2N4261 (continued) 



FIGURE 1 — DC CURRENT GAIN 



FIGURE 2 — COLLECTOR SATURATION REGION 
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55°C 
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l c , COLLECTOR CURRENT (mA) 

FIGURE 3 — "ON" VOLTAGES 




Vce|,.o@Ic/Ib = 10 



2.0 3.0 5.0 7.0 10 

l c , COLLECTOR CURRENT (mA) 



. l c ~30mA 



■ This graph shows the effect of base current on collector voltage - 

p 0 is the transistor current gain at the edge of saturation obtained 
• from Figure 1, and p f (forced gain) is the ratio of \ c /l m in a circuit. - 



- fio h K @lV(Fig.l) - 



l c = 1mA 

J L 



Pol /?f. OVERDRIVE FACTOR 

FIGURE 4 — TEMPERATURE COEFFICIENTS 
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l c , COLLECTOR CURRENT (mA) 



FIGURE 5 — 
CURRENT-GAIN — BANDWIDTH PRODUCT 



2.0 3.0 5.0 7.0 10 
lc, COLLECTOR CURRENT (mA) 
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FIGURE 6 — 
COLLECTOR-BASE TIME CONSTANT 
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l c , COLLECTOR CURRENT (mA) 
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Switching and General Purpose Transistors 

2N4260, 2N4261 (continued) 
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Switching and General Purpose Transistors 

2N4264 (SILICON) VcB 

2N4265 l c= 

NPN silicon annular transistors, designed for low- 
level, saturated logic applications featuring one-piece, 
injection-molded plastic package for high reliability. 



CASE 29 

(TO-92) 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


2N4264 


2N4265 


Unit 


Collector- Emitter Voltage 


V CEO 


15 


12 


Vdc 


Collector -Base Voltage 


v 

V CB 


30 


Vdc 


Emitter -Base Voltage 


v 

EB 


6 


Vdc 


Collector Current 


*c 


200 


mAdc 


Total Device Dissipation @ T A = 60°C 


P D 


210 


mW 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


310 
2.81 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T , T , 

J', stg 


-55 to +135 


°C 



= 30V 
= 200 mA 

= 310mW@25°C 




THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


*JA 


0.357 


°C/mW 



FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT 



TEST 
CONDITION 


lc 


Vcc 


Kb 


Rc 


Cs, m „, 


VEB(cff) 


V, 


V 2 


V 3 




mA 


V 




S2 


PF 


V 


V 


V 


V 


A 


10 


3 


3300 


270 


4 


-1.5 


10.55 


-4.15 


10.70 


B 


10 


10 


560 


960 


4 






-4.65 


6.55 


C 


100 


10 


560 


96 


12 


-2.0 


6.35 


-4.65 


6.55 



VeB|oH)" 



— [— <2ns 



PULSE WIDTH (t,) = 300 ns DUTY CYCLE = 2% 
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Switching and General Purpose Transistors 

2N4264, 2N4265 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector- Emitter Breakdown Voltage 
(I c = 1 mAdc, I E = 0) 


2N4264 
2N4265 




BV CEO 


15 
12 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 




BV CBO 


30 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 (iAdc, I c = 0) 




BV EBO 


6 




Vdc 


Collector Cutoff Current 

(V CE = 12Vdc, V EB(o{f) = 0.25Vdc) 




! CEX 




100 


nAdc 


Base Cutoff Current 

(V CE = 12Vdc, V EB(o£f) =0.25Vdc) 

(V CE = 12 Vdc, V EB(of{) = 0.25 Vdc, T A = 100'C) 




*BL 




0.1 
10 




ON CHARACTERISTICS 


DC Current Gain 

(I c = 1 mAdc, V CE = 1 Vdc) 


2N4264 
2N4265 


2 


h FE 


25 
50 






U c = 10 mAdc, V CE = 1 Vdc) 


2N4264 
2N4265 






40 
100 


160 
400 




(I c = 10 mAdc, V CE = 1 Vdc, T A = -55°C) 


2N4264 
2N4265 






20 
45 






(I c = 30 mAdc, V CE = 1 Vdc) 


2N4264 
2N4265 






40 
90 






(I c = 100 mAdc, V CE = 1 Vdc) 


2N4264 
2N4265 






30 
55 






(I c = 200 mAdc, V CE = 1 Vdc) 


2N4264 
2N4265 






20 
35 






Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 




5, 6, 7 


V CE(sat) 




0.22 


Vdc 


(I c = 100 mAdc, I B = 10 mAdc) 










0.35 




Base- Emitter Saturation Voltage 
d c = 10 mAdc, I B = 1 mAdc) 
(I c = 100 mAdc, I B = 10 mAdc) 


6, 7 


V BE(sat) 


0. 65 
0.75 


0. 80 
0.95 


Vdc 



SMALL SIGNAL CHARACTERISTICS 



Current-Gain — Bandwidth Product 

d c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 




f T 


300 




MHz 


Output Capacitance 

(V CB = 5 Vdc, I E = 0, f = 100 kHz) 


12 


C ob 




4 


pF 


Input Capacitance 

(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 


12 


C ib 




8 


pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Figure 1, Test Condition A 

V cc = 3Vdc, V EB(off) = 1.5Vdc, 

I c = 10 mAdc, I B1 = 3 mAdc 


1 


'on 




25 


ns 


Turn-Off Time 


Figure 1, Test Condition A 
V cc = 3 Vdc, I c = 10 mAdc, 

I B1 = 3 mAdc, Igg = 1.5 mAdc 


1 


l off 




35 


ns 


Storage Time 


Figure 1, Test Condition B 
V cc = 10 Vdc, I c = 10 mAdc, 

^1 = *B2 = 10 mAdc 


1 


fc s 




20 


ns 


Delay Time 


Figure 1, Test Condition C 
V cc = 10Vdc, V EB(o{f) = 2Vdc, 
I c = 100 mAdc, l fil = 10 mAdc 


1, 8 


*d 




8 




Rise Time 


1, 9 


t r 




15 


ns 


Storage Time 


Figure 1, Test Condition C 
V cc = 10 Vdc, I c = 100 mAdc, 

! B1 = ! B2 = 10 mAdc 


1, 10 


*. 




20 


ns 


Fall Time 


1, 11 


k f 




15 


ns 


Total Control Charge 


V CC = 3 Vdc ' l C = 10 mAdc » l B = mAdc 


3, 13 


Q T 




80 


pC 
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Switching and General Purpose Transistors 

2N4264, 2N4265 (continued) 



CURRENT GAIN CHARACTERISTICS 
FIGURE 2 — MINIMUM CURRENT GAIN 




l c , COLLECTOR CURRENT (mA) 



FIGURE 3 — Qt TEST CIRCUIT 



FIGURE 4 — TURN.OFF WAVEFORM 




NOTE 1 



When a transistor is held in a conductive state by a base current, 
li, a charge, Q s , is developed or "stored" in the transistor. Q s may be 
written: Q s = Q, + Q v + Q x . 

Q, is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Q v is 
the charge required to charge the collector-base feedback capacity. 
Q x is excess charge resuiting from overdrive, i.e., operation in 
saturation. 

The charge required to turn a transistor "on" to the edge of sat- 
uration is the sum of Q, and Q v which is defined as the active region 
charge, Q A . Q A = l„t r when the transistor is driven by a constant cur- 
rent step (l„) and l„ < < p-. 



If l ( were suddenly removed, the transistor would continue to con- 
duct until Q$ is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina- 
tion time is long compared to the ultimate capability of a transistor, a 
charge, Q T , of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con- 
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Q T from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Qt/^V, where is defined in Figure 3. 
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Switching and General Purpose Transistors 

2N4264, 2N4265 (continued) 

"ON" CONDITION CHARACTERISTICS 



FIGURE 5 — COLLECTOR SATURATION REGION 
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FIGURE 6 — SATURATION VOLTAGE LIMITS FIGURE 7 — TEMPERATURE COEFFICIENTS 
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Switching and General Purpose Transistors 



2N4264, 2N4265 (continued) 



DYNAMIC 



FIGURE 8 — DELAY TIME 




FIGURE 10 — STORAGE TIME 
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l c , COLLECTOR CURRENT (mA) 

FIGURE 12 — JUNCTION CAPACITANCE 
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FIGURE 9 — RISE TIME 




1.0 2.0 5.0 10 20 50 100 200 
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FIGURE 11 — FALL TIME 
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FIGURE 13 — MAXIMUM CHARGE DATA 
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Switching and General Purpose Transistors 



MCS2135,MCS2136 (SILICON) Y c C ^TomA 

Cob = 3 pf 

NF = 3-4 db @ 15.7kc 



NPN silicon annular transistors in a micro-ceramic 
package for general- purpose, low-current switching 
and amplifier applications. 



CASE 37 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Collector-Base Voltage 


v 

CBO 


75 


Vdc 


Collector-Emitter Voltage 


v 

V CEO 


60 


Vdc 


Emitter -Base Voltage 


v 

EBO 


6 


Vdc 


Collector Current 


*c 


50 


mAdc 


Total Device Dissipation @ T A = 25° C 


P D 


150 


mW 


Derating Factor Above 25° C 




1.5 


mW/°C 


Junction Temperature, Operating 


T J 


+125 


°c 


Storage Temperature Range 


stg 


-65 to +125 


°c 
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Switching and General Purpose Transistors 



MCS2135, MCS2136 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25 *C unless otherwise noted) 



Characteristic 



Symbol 



Min 



Max 



Collector -Base Breakdown Voltage 
(I c = 10//Adc, I £ = 0) 



BV ( 



CBO 



75 



Collector -Emitter Breakdown Voltage* 
(I c = 10 mAdc, i B = 0) 



Y CEO 



Emitter-Base Breakdown Voltage 
(I E = lOMdc, I c = 0) 



Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

(V CB = 50 Vdc, I E = 0, T A = 100°C) 



CBO 



.010 
2.0 



Emitter Cutoff Current 



^BO 



DC Current Gain* 



< x c = 


1/iAdc, V CE = 5 Vdc) 


MCS2136 


«c = 


10//Adc, V CE = 5 Vdc) 


MCS2135 




MCS2136 


«c = 


lOMdc, V-,, = 5 Vdc) 


MCS2135 




MCS2136 


«c = 


lOMdc, V CE = 5 Vdc, T A = -55°C) 


MCS2135 
MCS2136 


^c = 


1.0 mAdc, V CE = 5 Vdc) 


MCS2135 




MCS2136 


*c = 


10 mAdc, V CE = 5 Vdc) 


MCS2135 




MCS2136 



30 

40 
100 
100 
250 
50 
125 
150 
250 
150 
250 



300 
750 



Collector -Emitter Saturation Voltage* 
(I c = 10//Adc, I B = lOj/Adc) 

(I c = 1. 0 mAdc, I B = 100 Mdc) 



CE(sat) 



0.3 
0.5 



Base -Emitter Saturation Voltage* 
(I c = 100/iAdc, I B = 10/iAdc) 

(I c = 1. 0 mAdc, I B = 100/yAdc) 



BE (sat) 



0.7 
1.0 



Base-Emitter On Voltage 

(I c = 10'Of/Adc, V CE = 5. 0 Vdc) 



BE (on) 



High-Frequency Current Gain 

(I c = 500 fiAdc, V CE = 5 Vdc, f = 30 mc) 

(I c = 1. 0 mAdc, V CE = 5 Vdc, f = 100 mc) 



1.0 
1.0 



Output Capacitance 



3.0 



Input Capacitance 



Small Signal Current Gain 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) 



MCS2135 
MCS2136 



80 
150 



450 
900 



Input Impedance 

(I c = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) 



MCS2135 
MCS2136 



20 
25 



Voltage Feedback Ratio 

(I c = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) 



Output Admittance 

U c = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) 



50 



Noise Figure (Power Bandwidth = 15.7 kc) 

(V= lOj/Adc, V„„ = 5 Vdc, R = 10 kohms) 
c un. g 



MCS2135 
MCS2136 



♦Pulse Test: PW £ 300 jisec, Duty Cycle ; 
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Switching and General Purpose Transistors 



MCS2 1 37, MCS2 1 38 (SILICON) few mi 



Cob = 3 pf 
NF = 3-4db @ 15.7kc 



PNP silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 



CASE 37 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Collector-Base Voltage 


V CBO 


60 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


60 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 


*C 


50 


mAdc 


Total Device Dissipation @ T A = 25° C 


P D 


150 


mW 


Derating Factor Above 25° C 




1.5 


mW/°C 


Junction Temperature, Operating 


T J 


+125 


°C 


Storage Temperature Range 


stg 


-65 to +125 


°C 
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Switching and General Purpose Transistors 



MCS2137, MCS2138 (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 



Symbol 



Min Max 



Unit 



Collector -Base Breakdown Voltage 
(I c = 10/iAdc, I E = 0) 



CBO 



Collector -Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 



Emitter-Base Breakdown Voltage 
(L = 10/iAdc, I r = 0) 



Collector Cutoff Current 
(V CB = 50 Vdc, I £ = 0) 

(V CB = 50 Vdc, I E = 0, T A = 100°C) 



.020 
2.0 



Emitter Cutoff Current 



DC Current Gain* 





1//Adc, V CE = 5 


«c = 


10/iAdc, V CE = 


«c" 


10/iAdc, V CE = 


«"c- 


10/iAdc, V CE = 




1.0 mAdc, V CE 




10 mAdc, V CE = 



5 Vdc) 



= 5 Vdc) 



MCS2138 

MCS2137 
MCS2138 
MCS2137 
MCS2138 
MCS2137 
MCS2138 
MCS2137 
MCS2138 
MCS2137 
MCS2138 



50 
75 
200 
100 
250 
50 
125 
100 
250 
100 
250 



300 
750 



Collector -Emitter Saturation Voltage* 
(I c = 10/iAdc, I fi = 10/iAdc) 

(I c = 1.0 mAdc, I B = 100/iAdc) 



CE(sat) 



0.20 
0.25 



Base-Emitter Saturation Voltage* 
(I c = 100/iAdc, I B = 10/;Adc) 



v BE (sat) 



0.7 

0.8 



Base-Emitter On Voltage 



BE (on) 



0.7 



High-Frequency Current Gain 

(I c = 500/iAdc, V CE = 5 Vdc, f = 30 mc) 

(I c = 1. 0 mAdc, V CE = 5 Vdc, f = 100 mc) 



1.0 
1.0 



Output Capacitance 



Input Capacitance 



8.0 



Small Signal Current Gain 

(I r = 1. 0 mAdc, V = 5. 0 Vdc, f = 1 kc) MCS2137 
U MCS2138 



100 
300 



450 
900 



Input Impedance 

(I r = 1. 0 mAdc, V nTr = 5. 0 Vdc, f = 1 kc) MCS2137 
^ ^ MCS2138 



3 

10 



15 
.40 



Voltage Feedback Ratio 

(I c = 1. 0 mAdc, V CE = 5. 0 Vdc, f = 1 kc) 



25 



Output Admittance MCS2n7 
(I c = 1. 0 mAdc, V C£ = 5. 0 Vdc, f * 1 kc) MCS2138 



60 
60 



Noise Figure (Power Bandwidth = 15.7 kc) 

(I = 10/iAdc, V = 5 Vdc, R =10 kohms)MCS2137 
g MCS2138 



♦Pulse Test: PW ^ 300 usee, Duty Cycle t 2% 



8-256 



Switching and General Purpose Transistors 

MF3304 V CE o=12V 

P d = 300 mW 




PNP silicon epitaxial transistor designed for low- 
level, high-speed switching applications. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


18 


Vdc 


Collector- Emitter Voltage 


v 

V CEO 


12 


Vdc 


Emitter-Base Voltage 


v 

EBO 


5 


Vdc 


Total Device Dissipation @ 25° C Ambient Temperature 
Derate above 25°C 


P D 


200 
1.14 


mW 
mW/°C 


Total Device Dissipation @ 25°C Case Temperature 
Derate above 25° C 


P D 


300 
1.71 


mW 
mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature Range 


T * 

stg 


-65 to +200 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Base Breakdown Voltage 
(I c = 100/iA, I B = 0) 


BV CBO 


-18 






Vdc 


Collector- Emitter Breakdown Voltage 
(I c =100fxA, I B = 0) 


BV CES 


-12 






Vdc 


Collector- Emitter Sustaining Voltage* 
(I c = 10 mA, I B = 0) 


V * 

CEO(sus) 


-12 






Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 juA, I c =0) 


BV EBO 


-5 






Vdc 
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Switching and General Purpose Transistors 

MF3304 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
< V CB = - 9V ' V°> 


T CBO 






10 


nA 


Collector Reverse Current 

< V CE = - 6V ' V EB = °> 

<V CE = -6 V, V EB - 0, 150°C) 


J CES 


— 


- 


10 
10 


nA 
fiA 


Collector- Emitter Saturation Voltage 
(I c = 1.0 mA, I B = 0,1 mA) 

(I c = 10 mA, Ig = 1. 0 mA) 

(I c = 10 mA, Ig = 1.0 mA, 125°C) 

(I c = 50 mA, Ig = 5. 0 mA) 


V CE(sat) 


- 


— 


-0.15 
-0.16 
-0.23 
-0.50 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 1.0 mA, I B = 0. 1 mA) 

(I c = 10 mA, I B = 1.0 mA) 

(I c = 50 mA, Ig = 5. 0 mA) 


V BE(sat) 


-0.7 
-0.8 
— 


— 
— 


-0.8 
-0.9 
-1.2 


Vdc 


DC Current Gain 

(I c = 1.0 mA, V CE = -0. 3 V) 

(I c = 10mA, V CE = -0.3 V) 

(I c = 10 mA, V CE = -0. 3 V, -55°C) 

(I c = 50mA, V CE = -1.0 V) 


h„„ 
FE 


20 
30 
15 
20 


— 
— 


120 
— 




High- Frequency Current Gain 

(I c = 10 mA, V CE = -5.0 V, f = 100 MHz) 


h. 

fe 


6.0 






— 


Output Capacitance** 

(V CB = -5. 0 V, I E = 0, f = 140 kHz) 


C . 
ob** 


_ 


_ 


2.5 


pF 


Emitter Transition Capacitance 

(V EB = -0. 5 V, I c = 0, f = 140 kHz) 


C TE 


— 


— 


2.5 


pF 


Collector- Base Time Constant 

(V CB = 10 V, I c = 10 mA, f = 31.8 MHz) 


r 'C 
b c 






40 


psec 


Charge Storage Time 

< I c~ I B r I B2* i - 1( " nA > 


T s 






30 


nsec 


Turn- On Time 

(I c ~ 10 mA, Igj « 0. 5 mA) 


t 

on 






60 


nsec 


Turn- Off Time 

(I c * 10 mA, Igj - I B2 * -0. 5 mA) 


'off 






60 


nsec 


TYPICAL AMPLIFIER PERFORMANCE 


Noise Figure 

(V CE = 10 V, I Q = 2 mA, f = 60 MHz, 

R g = 200 ohms) 


NF 




2.7 




dB 


AC Current Gain 

(V GE = 10 V, I c = 2 mA, f = 1 kHz) 


fe 




70 






Current Gain — Bandwidth Product 
(V CE = 10 V, I c = 2 mA, f = 100 MHz) 






700 




MHz 


Collector-Base Time Constant 
(V CB = 10V, I c = 2mA) 


r. 'C 

b c 




15 




psec 



♦♦Measured in guarded circuit 
♦Pulse Conditions: Length = 300 jxsec, Duty Cycle < 2% 
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Switching and General Purpose Transistors 



MM 




(SILICON) 



CASE 27 

(TO-52) 



V C eo = 8V 
l c = IQOmAdc 
P D = 400 mW 



Collector connected to case 



NPN silicon annular transistor designed for ultra- 
high speed switching and amplifier application. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage (1 to 30 mA) 


V CEO 


8 


Vdc 


Collector -Base Voltage 


V CB 


15 


Vdc 


Emitter-Base Voltage 


V EB 


4 


Vdc 


Collector Current 


*c 


100 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25 C 


P D 


400 
2.3 


mW 
mW/°c 


Total Device Dissipation @ T c = 25°C 
Derate above 25 C 


P D 


750 
4.3 


mW 
mW/°C 


Operating Junction Temperature Range 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°c 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Rating 


Unit 


Thermal Resistance, Junction to Case 




0.233 


°c/w 


Thermal Resistance, Junction to Ambient 




0.436 


°c/w 



FIGURE 1 — CHARGE STORAGE TIME 
CONSTANT TEST CIRCUIT 



FIGURE 2 — t on & t off TEST CIRCUIT 



-3.3V 



SKL 
OR 

EQUIVALENT 
PW>200 nsec 




OUT 



V BE(0) = " 1V 
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Switching and General Purpose Transistors 

MM709 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10Mdc, ^=0) 


BV CBO 


15 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


BV CEO* 


8 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10Mdc, I c = 0) 


BV EBO 


4 


- 


Vdc 


Collector Cutoff Current 
(V CB = 5 Vdc) 

(V CB = 5 Vdc, T A = 125°C) 


I CBO 


- 


.015 
20 


nAdc 


DC Forward Current Transfer Ratio* 
(I r = 10 mAdc, V n „ = 0. 5 V) 

(I c = 30 mAdc, V CE = 1 V) 

(I c = 10 mAdc, V CE = 0. 5 V, = -55°C) 


h FE* 


15 
12 

8 


120 
- 


- 


Collector Saturation Voltage* 
(I c = 3 mAdc, I fi = 0. 15 mAdc) 


V * 

CE(sat) 




.35 


Vdc 


Base -Emitter Saturation Voltage* 
(I c = 3 mAdc, I B = 0. 15 mAdc) 


V BE(sat)* 


0.70 


0.85 


Vdc 


Current Gain Bandwidth Product 
(I c = 5 mAdc, V CE = 4 Vdc) 


f T 


300 




MHz 


Output Capacitance 

(V CB = 5 Vdc, Ig = 0, f = 100 kHz) 


C ob 




3 


pF 


Input Capacitance 

(V QB = 0. 5 Vdc, Ig = 0, f = 100 kHz) 


C ib 




2 


pF 


SWITCHING CHARACTERISTICS 


Charge Storage Time - See Figure 1 
(I C =I Bl = - I B2 = 5 -° mAdC > 






5 


nsec 


Turn -On Time - See Figure 2 

(I c = 10 mAdc, I B = 2.0 mAdc, Ig 2 = 1.0 mAdc) 






12 


nsec 


Turn -Off Time - See Figure 2 

(I c = 10 mAdc, I B1 = -I B2 = 1.0 mAdc) 


^ff 




10 


nsec 



♦Pulse Test: PW s 300 //sec, Duty Cycle ^ 2% 



INPUT & OUTPUT PULSE WAVEFORMS V in RISE TIME ^ 1 nsec 
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Switching and General Purpose Transistors 



MM 



1812 



SILICON 



CASE 31 

(TO-5) 




V CEO = 175 V 
l c = 100 mA 
P D = 1 W 



NPN silicon transistor designed for audio power amp- 
lifier applications up to 1 watt output. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V CB 


175 


Vdc 


Collector-Emitter Voltage 


V CEO 


175 


Vdc 


Emitter -Base Voltage 


V 

EB 


4 


Vdc 


Collector -Current 


l c 


100 


mAdc 


Total Device Dissipation @ T A = 25° C 


P D 


1.0 


Watt 


Derate above 25 °C 




5.71 


mW/°C 


Total Device Dissipation @ T c = 25° C 


P D 


5 


Watts 


Derate above 25 °C 


28.6 


mW/°C 


Operating Junction Temperature 


T J 


+200 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°c 



FIGURE 1 - CURRENT GAIN CHARACTERISTICS FIGURE 2 - 750 mW CLASS A AUDIO AMPLIFIER 
versus JUNCTION TEMPERATURE 




l Cl COLLECTOR CURRENT (mAdc) 'TRANSFORMER EFFICIENCY - 75% 
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Switching and General Purpose Transistors 

MM1812 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 50 Vdc, I E = 0) 

(V CB = 50 Vdc, I E =0, T A = 150°C) 


r CBO 


— 


0. 1 
100 


IxAdc 


Emitter Cutoff Current 
(V EB = 3Vdc, I c =0) 


^BO 


— 


0.025 




(I^°i°10 jiAdcfl^l) 0 )^ V ° ltage 


BV CBO 


175 


- 




(I c = 10 mAdc, I B = 0) g 


BV CEO* 


175 


- 




E Tl E te = r i0^dc 3 , r i c k =°0) n 


BV EBO 


4 


— 




Collector Saturation Voltage* 
U c = 10 mAdc, I B = 1 mAdc) 

(I c = 100 mAdc, I B = 10 mAdc) 


V CE(sat)* 


- 


0.3 
0.6 




DC Current Gain * 

(I c = 1.0 mAdc, V CE = 10 Vdc) 

(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 100 mAdc, V CE = 10 Vdc) 


h FE* 


25 
35 
40 


200 
300 





Small Signal Current Gain 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1 kc) 


fe 


50 


200 




Voltage Feedback Ratio 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1 kc) 


h 

re 




4 


X10" 4 


Input Impedance 
d c = 10 mAdc, V CE = 10 Vdc, f = 1 kc) 


h. 
le 


0.2 


1.25 


k ohms 


Output Admittance 

d c = 10 mAdc, V CE = 10 Vdc, f = 1 kc) 


h oe 


10 


200 


/imhos 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




10 


pf 


Input Capacitance 
(V EB = 0. 5 Vdc, I c = 0, f = 100 kc) 


C ib 




100 


pf 






Min 


Typ 


Max 




Power Gain 

(P Qut = 1 W, V CE = 85 Vdc, I c = 30 mAdc, f = 1 kc, 
R g = 400 ohms, R L = 2. 9 k ohms) 


V 


36 


44 




db 



*Pulse Test ^ 300 /isec, duty cycle ^ 2% 
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Switching and General Purpose Transistors 



mm2258 silicon 

mm2259 
mm2260 



V CEO = 120-175 V 
l c = 300-500 mA 
P D = 1 W 




NPN silicon transistors designed for video output cir- 
cuitry in transistorized television receivers. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Rating 


Unit 


MM2258 


MM2259 
MM2260 


Collector-Base Voltage 


v 

V CB 


120 


175 


Vdc 


Collector -Emitter Voltage 


V CEO 


120 


175 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current 


l c 


500 


300 


mAdc 


Total Device Dissipation @ T A = 25 °C 
Derating Factor Above 25° C 


P D 


1.0 
5.71 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25° C 
Derating Factor Above 25° C 


P D 


5 

28.6 


Watt 
mW/°C 


Junction Temperature, Operating 


T J 


+200 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°c 



THERMAL RESISTANCE 

0JA[.ir, '■= 175°C/W 

^jc(c«-, = 35°C/W 
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Switching and General Purpose Transistors 

MM2258, MM2259, MM2260 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
(V CB = 75 Vdc, I E = 0) 


T CBO 


- 


- 


0.050 


MAdc 


(V„ n = 75 Vdc, I_ = 0, T = 150°C) 
CB ' E ' A 








50 




Emitter Cutoff Current 
(V EB = 4 Vdc, I c = 0) 


''ebo 






25 


nAdc 


Collector-Base Breakdown Voltage 

(I„ = 10 M Adc, I = 0) MM2258 

MM2259 MM2260 


BV CBO 


120 


_ 





Vdc 


Collector-Emitter Breakdown Voltage* 

(I = 10 mAdc, I = 0) MM2258 

MM2259, MM2260 


BV CE0 * 


120 
175 


- 


- 


Vdc 


Emitter -Base Breakdown Voltage 
(I E = 10 jxAdc, I c = 0) 


bv ebo 


5 


- 


- 


Vdc 


Collector -Emitter Saturation Voltage 
(I c = 25 mAdc, Ig = 2.5 mAdc) 


V CE(sat) 


- 


- 


0.4 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 25 mAdc, Ig = 2. 5 mAdc) 


V BE(sat) 




- 


1.0 


Vdc 


DC Current Gain* 

(I p = 1.0 mAdc, V„ = 10 Vdc) MM2259 

MM2258, MM2260 


FE 


25 
50 


— 


— 




Vlp - JLU urnaC, Vp„ - 1U vac; MIvl££OtJ 

U MM2258, MM2260 




50 








(I r = 50 mAdc, V = 10 Vdc) MM2259 
L Ll1 MM2258, MM2260 




35 
50 








Output Capacitance MM2258 

(V CB = 10 Vdc, I E = 0, f = 100 kc) MM2259, MM2260 


C ob 






9 
8 


Pf 


Input Capacitance 

(V EB = 0. 5 Vdc, I c = 0, f = 100 kc) 


C ib 






80 


pf 


Feedback (Miller) Capacitance 

(V p = 25 Vdc, I = 10 mAdc) MM2258 

CB C MM2259, MM2260 


C cb 




4.2 
3.0 


5.0 
4.5 


Pf 


Small Signal Current Gain 

(V CE = 25 Vdc, I c = 20 mAdc, f = 100 mc) 


I h fe| 


1.5 









*Pulse Test: PW ^ 300 /xsec, duty cycle ^ 2% 
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Switching and General Purpose Transistors 



MM2258, MM2259, MM2260 (continued) 



SMALL SIGNAL h PARAMETER CHARACTERISTICS 

(Vce = 10 V, Ta = 25°C, f = 1 kc) 



FIGURE 3 - CURRENT GAIN 



FIGURE 4 - OUTPUT ADMITTANCE 
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FIGURE 5 - INPUT IMPEDANCE 



FIGURE 6 - VOLTAGE FEEDBACK RATIO 
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Switching and General Purpose Transistors 



MM2483 SILICON ^TJ 0 ? 

Aii Aii lc = 50mA 

MM2484 P D = 360mW 




NPN silicon epitaxial transistors designed for low- 
level, low-noise amplifier applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CBO 


60 


Vdc 


Collector- Emitter Voltage 


v 

CEO 


60 


Vdc 


Emitter-Base Voltage 


v 

EBO 


6 


Vdc 


Collector Current 


l C 


50 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derating Factor above 25° C 


P D 


360 
2.1 


mW 
mW/°C 


Total Device Dissipation @ T c = 25° C 
Derating Factor above 25° C 


P D 


1.2 
6.9 


Watts 
mW/°C 


Junction Temperature, Operating 


T J 


+200 


°c 


Storage Temperature Range 


stg 


-65 to +200 


°c 


Thermal Resistance: 
Junction- to- Air 

Junction-to-Case 


*JA 


486 
146 


°c/w 
°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 'C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 nA, I E = 0) 


BV CBO 


60 




V 


Collector- Emitter Sustaining Voltage* 
(I c = 10 mA, I B = 0) 


V CEO(sus) 


60 




V 


Emitter-Base Breakdown Voltage 
(I E = 10 i±A, I c = 0) 


BV EBO 


6 




V 


Collector Cutoff Current 
< V CB = 45 V ' "e-O) 
(V CB = 45V ' I E = 0 > T A = 150°C) 


! CBO 




0.010 
10 


JLtA 


Emitter Cutoff Current 
(V EB = 5.0V, I c = 0) 


^BO 




0.010 


liA 


Collector- Emitter Saturation Voltage 
(I c = 1.0 mA, I B = 0.1 mA) 


V CE(sat) 




0. 35 


V 
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Switching and General Purpose Transistors 

MM2483, MM2484 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Current Gain 

(I c = 1.0/iA, V CE = 5.0 V) 


MM2484 


h FE 


30 




— 


(I C = 10 M A, V CE = 5.0V) 


MM2483 
MM2484 




40 
100 


120 
500 




(I c = IOjxA, V CE = 5.0 V, -55°C) 


MM2483 
MM2484 




10 
20 


— 




(I c = 100 ^A, V CE = 5.0 V) 


MM2483 
MM2484 




75 
175 


— 




(I c = 500 /u.A, V CE = 5.0 V) 


MM2483 
MM2484 




100 
200 






(I c = 1.0 mA, V CE = 5.0 V) 


MM2483 
MM2484 




175 
250 






(l c = 10mA, V CE = 5.0 V)* 


MM2483 
MM2484 






500 
800 




Emitter- Base On Voltage 
(I c = 100jnA, V CE = 5.0 V) 


V BE(on) 


0.5 


0.7 


V 


High- Frequency Current Gain 

(I c = 50 /i A, V CE = 5. 0 V, f = 5. 0 MHz) 


MM2483 
MM2484 


h le 


2.4 
3.0 




— 


(l c = 500 juA, V CE = 5. 0 V, f = 30 MHz) 






2.0 


— 




Output Capacitance 
<V CB = 5.0V, I E = 0) 


C ob 


— 


6.0 


pF 


Emitter Transition Capacitance 
< V EB = 0 - 5V ' I C = 0 > 


C TE 


— 


6.0 


pF 


Small Signal Current Gain 

(I c = 1. 0 mA, V CE = 5. 0 V, f = 1 kHz) 


MM2483 
MM2484 


fe 


80 
150 


450 
900 


— 


Input Impedance 

(I c = 1. 0 mA, V CE = 5. 0 V, f = 1 kHz) 


h. 
le 


3.5 


24 


kohms 


Output Conductance 

0 C = 1. 0 mA, V CE = 5. 0 V, f = 1 kHz) 


h 

oe 


— 


50 


fj. mhos 


Voltage Feedback Ratio 

( I c =1.0 mA, V C£ = 5. 0 V, f = 1 kHz) 


h 

re 


— 


2500 


X10-6 


Common Base Input Impedance 

(I c = 1.0 mA, V CE = 5.0 V, f = 1 kHz) 


h.. 
lb 


25 


32 


ohms 


Wide Band Noise Figure 

( I = 10 jiA, V CE = 5. 0 V, R g = 10 kohms 


MM2483 
MM2484 


NF 


— 


4 
3 


dB 


Power Bandwidth of 15. 7 kHz (3 dB 
points at 10 Hz and 10 kHz) 












Narrow Band Noise Figure 

(I c = 10 jjlA, V CE = 5.0 V, f = 1 kHz 


MM2483 


NF 




4 


dB 


R g = 10 kohms (Power Bandwidth = 200 Hz) 


MM2484 






3 




(I c = 10 juA, V CE = 5. 0 V, f = 10 kHz, 


MM2483 






3 




Rg = 10 kohms (Power Bandwidth = 2 kHz) 


MM2484 






2 




( I c =10 /xA, V CE = 5 V, f = 10 kHz 


MM2483 






15 




Rg = 10 kohms (Power Bandwidth = 20 Hz) 


MM2484 






10 





♦Pulse Conditions: Length < 300 /usee, Duty Cycle < 2% 
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Switching and General Purpose Transistors 



MM2550(GERMANIUM) 7°= 100mA 

f T = lOOOMc(min) 
t off = 2.5 nsec 

PNP germanium epitaxial mesa transistor for high- 
speed, low- power, current- mode switching applica- 
tions. 

^CTCM8)^ Collector connected to case 




MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


-20 


Vdc 


Collector-Emitter Voltage 


V CEO 


-10 


Vdc 


Emitter-Base Voltage 


V EBO 


-0.5 


Vdc 


Collector Current 


! c 


-100 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


stg 


-65 to 
+100 


°C 


Device Dissipation 
@ T c = 25°C 


P D 


300 


mW 


Derating factor above 25° C 




4 


mW/°C 


Device Dissipation 
@ T A = 25°C 


P D 


150 


mW 


Derating factor above 25°C 




2 


mW/°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = -100 juAdc, I E = 0) 


BV CBO 


-20 




Vdc 


Collector-Emitter Breakdown Voltage 
(I c = -lOmAdc, I B = 0) 


BV CEO 


-10 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = -100 jiAdc, I c = 0) 


BV EBO 


-0. 5 




Vdc 


Collector Cutoff Current 
(V CB - -10 Vdc, I E - 0) 


^BO 




-10 


juAdc 


DC Current Gain 

(I c = -10 mAdc, V CE = -5 Vdc) 


h FE 


20 






Collector Saturation Voltage 

(I c = -10 mAdc, I = -1.0 mAdc) 


V CE(sat) 




-0.2 


Vdc 


Base- Emitter Saturation Voltage 
(I 0 = -10 mAdc, I_ = -1.0 mAdc) 


V BE(sat) 


-0.3 


-0.7 


Vdc 
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Switching and General Purpose Transistors 



MM2550 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Current Gain-Bandwidth Product 

k'-q ~ ~ " m/\ac, — ~ vac, i - iuu nicj 

(I c = -10 mAdc, V CE = -5 Vdc, f = 100 mc) 

(I„ = -15 mAdc, = -2 Vdc, f = 100 mc) 


£ r 


1000 
1000 
1000 




mc 
mc 


Collector Output Capacitance 

(V nn = -5 Vdc, I„ = 0, f = 100 kc) 
CB h 


C ob 


Min 


Typ 


Max 


pf 






3 


Collector-Base Time Constant 

(I„ =- +10 mAdc, V^ n = -5 Vdc, f = 31. 8 mc) 


V C c 




50 




psec 


Turn-on Time 

(I c - -10 mAdc, V CE(on) = -5V) 


t 

on 




1. 8 


2. 5 


nsec 


Turn-off Time 

(I c = -10 mA dc, V CE(on) = -5V) 


l off 




1. 8 


2. 5 


nsec 



CURRENT MODE SWITCHING TIME CIRCUIT 



V cc=- 7V 



t , t. < lnsec 
r' f 

R = 50^ 
s 



I c = -25mA 
V CE(on)= " 5V 



lOnsec 



^4 

»1_r 



son 



in 

TXT 



SHIELD 
— A/W- 



5.2Kn| 
VvV 



- c r c 2- c 3 



50fi 



50£2 



3-150^-^ 
Resistors — 
In Parallel 



50fi 



FD700 



1KS2< 



"IN 



2 



H ni — °-- 

in 



5V 



■ c r c 2 " c 3 



'OUT 



— m 
xxx 

V EE = 25.5V " C r C 2 " C 3 



• -5 



off 



C x = 150 pf 
c 2 = 0.01 m 
C 3 = 0.1 /if 
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Switching and General Purpose Transistors 



Vceo=10V 
l c = 100 mA 
f T = 1000 Mc(min) 
toff = 2.5 nsec 



%\ PNP germanium epitaxial mesa transistor for high- 

%\ speed, low-power, current-mode switching applica- 

% \ tions. 
CASE 31 U\ 

(TO-5) v\ \ Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

CBO 


-20 


Vdc 


Collector- Emitter Voltage 


v 

CEO 


-10 


Vdc 


Emitter- Base Voltage 


v 

V EBO 


-0.5 


Vdc 


Collector Current 


l c 


-100 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


T stg 


-65 to 
+ 100 


c c 


Device Dissipation 
@ T c = 25°C 


P D 


600 


mW 


Derating factor above 25°C 




8 


mW/°C 


Device Dissipation 
@ T c = 25°C 


P D 


300 


mW 


Derating factor above 25°C 


4 


mW/°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector- Base Breakdown Voltage 
(I c = -100 Mdc, I = 0) 


BV CBO 


-20 




Vdc 


Collector- Emitter Breakdown Voltage 
(I c - -10 mAdc, I = 0) 


BV CEO 


-10 




Vdc 


Emitter- Base Breakdown Voltage 
(I E = -100 jzAdc, I c = 0) 


BV EBO 


-0.5 




Vdc 


Collector Cutoff Current 
(V CB = -10 Vdc, I E = 0) 


X CBO 




-10 


/nAdc 


DC Current Gain 
(I c = -25 mAdc, V CE = -5 Vdc) 


h FE 


30 






Collector Saturation Voltage 
(I c = -25 mAdc, I = -2. 5 mAdc) 


V CE(sat) 




-0.2 


Vdc 


Base-Emitter Saturation Voltage 
(I c = -25 mAdc, Ig = -2. 5 mAdc) 


V BE(sat) 


-0.3 


-0. 7 


Vdc 
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MM2552 (GERMANIUM) 



Switching and General Purpose Transistors 



MM2552 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Current-Gain. Bandwidth Product 

(I„ = -30 mAdc, V„^ = -2 Vdc, f = 100 mc) 
u Chi 

(I„ - -25 mAdc, V„„ = -5 Vdc. f = 100 mc) 
(I c = -20 mAdc, V CE = -10 Vdc, f = 100 mc) 


f r 


1000 
1000 
1000 




mc 
mc 
mc 


Collector Output Capacitance 
(V CB = -5 Vdc, 1=0, f = 100 kc) 


°ob 




3 


pf 


Collector- Base Time Constant 
(I E = +25 mA, V CB = -5V, f = 31. 8 mc) 


V C c 


Min 


Typ 


Max 


psec 




50 




Turn- on Time 
<I C = -25 mAdc, V CE(onr -5 Vdc) 


fc on 




2. 2 


3.5 


nsec 


Turn-off Time 
(I c =-25 mAdc, V CE(on) = -5 Vdc) 


W 




1.8 


2.5 


nsec 



t . t r < lnsec 
r 9 f 

R = 50^ 
s 



CURRENT MODE SWITCHING TIME CIRCUIT 



v cc=- 7V 0 



I c = -25mA 
V CE(onf " 5V 



lOnsec 



^4 



80n 



TTT 



SHIELD 



5. 2Kfij 
< i VV\r- 



• c r c 2 - c 3 



I 



50£2 



6-J 



50ft 



3-150^^]^ 
Resistors — 
In Parallel 



50ft 



FD700 



lKft« 



'IN 



"OUT 




-0 
-2 

--5 



► I HI °- u 

III 



5V 



■ C l" C 2" C 3 



— m 

HI 
V EE = 25.5V ~ C r C 2 ~ C 3 



off 



C 1 = 150 pf 
c 2 = 0.01 /if 
c 3 = 0.1 /if 
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Switching and General Purpose Transistors 

Vceo=10V 
lc = 200 mA 
f T = 1000 Mc(min) 
t of f = 2.5 nsec 

PNP germanium epitaxial mesa transistor for high- 
speed, low- power, current-mode switching applica- 
tions. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Svmbol 


KdTinQ 


Unit 


Collector- Base Voltage 


v 

CBO 


-20 


Vdc 


Collector.- Emitter Voltage 


v 

CEO 


-10 


Vdc 


Emitter-Base Voltage 


v 

EBO 


-0. 5 


Vdc 


Collector Current 


l c 


-200 


mAdc 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


T 

stg 


-65 to 
+ 100 


°C 


Device Dissipation 
@ T c = 25°C 


P D 


750 


mW 


Derating factor above 25°C 




10 


mW/°C 


Device Dissipation 
@T A = 25°C 


P D 


300 


mW • 


Derating factor above 25° C 




4 


mW/°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = -100 /iAdc, I E = 0) 


BV CBO 


-20 




Vdc 


Collector-Emitter Breakdown Voltage 
(I„ = -lOmAdc, 1^ = 0) 


BV CEO 


-10 




Vdc 


Emitter- Base Breakdown Voltage 
(I E = -100 |u Adc, I c = 0) 


BV EBO 


-0. 5 




Vdc 


Collector Cutoff Current 
(V CB = -lOVdc, I E = 0) 


^BO 




-10 


/iAdc 


DC Current Gain 

(I„ = -40mAdc, V nr = -5 Vdc) 


h FE 


20 






Collector Saturation Voltage 
(I„ = -40mAdc, I„ = -4mAdc) 


V CE(sat) 




-0.25 


Vdc 


Base-Emitter Saturation Voltage 
(I c = -40mAdc, I B = -4mAdc) 


V BE(sat) 


-0.4 


-0.8 


Vdc 
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Mm2554 (GERMANIUM) 



CASE 31 

(TO-5) 




Switching and General Purpose Transistors 



MM2554 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Current- Gain, Bandwidth Product 

(Lg - -JDmAClc, V^,g = -lUVdC, I = 1UUML; 

(I c = -40mAdc, V CE = -5Vdc, f = 100MC) 

(I = -45mAdc, V CE = -2Vdc, f = 100MC) 


't 


1000 
1000 
1000 




mc 
me 
mc 


Collector Output Capacitance 

(V„„ = -5Vdc, I„ = 0, f = 100KC) 


C ob 




4 


pf 


Collector-Base Time Constant 

(I„ - +40mAdc, = -5Vdc, £ = 31. 8MC) 
h. LB 


r b' C c 


Min 


Typ 


Max 


psec 




50 




Turn-on Time 

(I c = -40mAdc, V CE(on) = -5Vdc) 


t 

on 




2. 4 


3. 5 


nsec 


Turn-off Time 

(I c - -40 mAdc, V CE(on) = -5Vdc) 


'off 




1. 6 


2. 5 


nsec 



CURRENT MODE SWITCHING TIME CIRCUIT 



v cc=" 7V 



t , t. < lnsec 
r' f 

R = 50ft 
s 



o 

4- 



I c = -25 mA 
V CE(on)= " 5V 



^4 



lOnsec 



80ft 



TT1 

TTT 



IN 



-±r /> 50 ft 



SHIELD 



5.2Kft 



- c r c 2" c 3 



i 50ft 
I 



3-150ft-/ 



-VjAr- 

I 
I 
I 
i 
I 

FD700 



50ft 



Resistors 
In Parallel 



IKft- 



IN 



O UT I/ | [ \- 7 



-0 
-2 

-5 



-H^-j-j- o - 1 

TTT 



-1.5V 



" c r c 2 " c 3 



off 



— rrx 

xxx 

V EE = 25.5V ~ C r C 2 ~ C 3 



C 1 = 150 pf 
c 2 = 0.01 Hi 
C 3 = 0.1 #x£ 



8-273 



Swifching and General Purpose Transistors 



MM2894 (SILICON) 



CASE 22 

(TO-18) 




Vceo=12V 
l c = 100 mA 
h FE = 70 
toFF = 60 nsec 

PNP silicon annular transistors for low- level, high- 
speed switching applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


15 


Vdc 


Collecto -Emitter Voltage 


v 

CEO 


12 


Vdc 


Emitter -Base Voltage 


v 

EBO 


4.5 


Vdc 


Total Device Dissipation 

@ 25° C Ambient Temperature 

Derate above 25° C 


P D 


0.36 
2.06 


Watt 
mW/°C 


Total Device Dissipation 
@ 25° C Case Temperature 
Derate above 25° C 


P D 


1.2 

6.9 


Watts 
mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature 


stg 


-65 to 200 


°c 



SWITCHING TIME TEST CIRCUIT 



Pulse Source 
Rise Time< Ins 
P.W. > 200ns 
Z. = 50£ 



IIG0Q 



2KQ 
— WAr- 



T V, , = +3V V 
on bb ii 



< 



To Sampling 
Scope 

Rise Time < Ins 
Input Z = 100K 
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MAA2894 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 

V_ n = -6V, I„ = 0 
CB ' E 

V nR = -6V, U = 0, T. = 125° C 
CB ' E ' A 


^BO 






.08 

10 


HA 


Collector-Ba.se Breakdown Voltage 

i c = iom, i E = o 


BV 
v CBO 


-15 






Vdc 


CoIIgc tor "~E mittc r Sustninin^ Volt&^G* 
I c = 10mA, I B = 0 


v 

CEO(sust) 


-12 






Vdc 


Emitter-Base Breakdown Voltage 

i E = ioom, i c = o 


BV^^ 
EBO 


-4. 5 






Vdc 


Collector -Emitter Saturation Voltage 

T 

C = 10mA, I B = 1.0mA 


V CE(sat) 






-0. 15 


Vdc 


I c = 30mA, I fi = 3.0mA 






-0. 1 


-0.2 




I_, = 100mA, I_. = 10mA 








-0. 5 




Base -Emitter Saturation Voltage 


V BE (sat) 








Vdc 


I c = 10mA, I B = 1. 0mA 


-0.68 




-0.83 




I c = 30mA, I B = 3.0mA 




-0. 74 




-0.89 




I c = 100mA, I B = 10mA 








-1. 7 




DC Pulse Current Gain* 
I c = 1mA V CE = 0.3v 


h FE* 


25 








I c = 10mA V CE = 0.3v 




30 








I c = 30mA, V C£ = 0. 5v 




40 


70 


150 




1^, = 30mA, V^, E = 0. 5v (-55° C) 




17 








I c = 100mA, V CE = 1.0V 




25 








High Frequency Current Gain (f = lOOmc) 
VCE = 100 IC = 30mA 


h fe 


4.0 








Output Capacitance 

V CB = " 5 - ov > l E = °> f = 140KC 


C ob 






6.0 


Pf 


Emitter Transition Capacitance 
V EB = "°- 5V ' I C = 0 ' £ = 140KC 


c 

TE 






6.0 


Pf 


Turn On Time 

I c = 30mA, I B1 = 1. 5mA 


'on 




23 


60 


nsec 


Turn Off Time 

I c = 30mA, I B1 = I B2 = 1. 5mA 


fc off 




34 


60 


nsec 



* Pulse Conditions; length = 300 //sec 
duty cycle < 2% 
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MM2894 (continued) 



::: 3 0.6 


























i i 


i?l 


O-rt 


























v cc = 


3 V 
































Tj = 25°C 
































10 
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n 
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JC "= Z0 r»A* 












I c = 50 mA 








































10 


r 
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I„ - BASE CURRENT (mA) 
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TYPTCAL SATURATION VOT.TAOR 






























































V ... 






























BE (S 


AT) 






































































































10 






























= 250C 
















































-- V CE (S 


































AT)- 















































I c - COLLECTOR CURRENT (mA) 
+1.0r 



2 5 10 20 5 

I p - COLLECTOR CURRENT (mA) 



TYPICAL TEMPERATURE 
COEFFICIENTS 

z\ 



6V C (25°C to 125°C) 




APPROXIMATE DEVIATION FROM NOMINAL 

ev n , ev n , o.i mv/°c 



20 40 



80 100 
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MPS706 (SILICON) If c E l~ 1 5 V 

h FE — ax} 

t $ = 60 nsec 




NPN silicon annular, plastic encapsulated transistor 
designed for low-cost, high-speed switching applica- 
tions. For typical curves, see 2N706 data sheet. 



CASE 29 

(TO-92) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

CBO 


25 


Vdc 


Collector- Emitter Voltage 


v 

CER 


20 


Vdc 


Emitter- Base Voltage 


v 

EBO 


3 


Vdc 


Junction Temperature 


T J 


125 


°c 


Storage* Temperature 


T 

stg 


-55 to +125 


°c 


Total Device Dissipation 
@ 25 °C Case Temperature 

(Derate 5 mW/°C above 25 °C) 


P D 


500 


mW 


Total Device Dissipation 

@ 25 °C Ambient Temperature 

(Derate 3 mW/°C above 25 °C) 


P D 


300 


mW 
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MPS706 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
V CB =15 V > l E = ° 


^BO 




.005 


0.5 


HA 


Emitter Cutoff Current 
V EB =3V > V 


^BO 






10 


MA 


Collector- Emitter Breakdown Voltage* 
I c = 10 mA, I B = 0 


BV * 
CEO 


15 


24 




Vdc 


Collector- Emitter Breakdown Voltage* 
I c = 10 mA, R = 100 


BV CER* 


20 






Vdc 


Forward- Current Transfer Ratio* 
I c = 10 mA, V CE = 1 V 


h FE* 


20 








Base- Emitter Voltage* 
I c = 10 mA, Ig = 1 raA 


V BE(sat)* 


- 


- 


0.9 


Vdc 


Collector Saturation Voltage* 
I c = 10 mA, Ig = 1 mA 


V CE(sat)* 


- 


- 


0.6 


Vdc 


Collector Capacitance 

V = 10 V I =0 
V CB ' E 


C . 
ob 


- 


- 


6 


Pf 


Ratio 

V CE = 15 Vdc ' *E = 10 mAdc > f = 100mc 


h 

h fe 


2 


4 






Base Resistance 
V CE = 15 Vdc ' : E = 10 mAdc > f = 100mc 


r 'b 






50 


ohms 


Charge Storage Time Constant 








60 


nsec 


Turn- on Time 


'on** 






40 


nsec 


Turn-off Time 








75 


nsec 



* Pulse Test: PW < 12 nsec, Duty Cycle < 2% 
♦♦Switching Times Measured with Tektronix Type R 
Plug-In (50 Q Internal Impedance) and Circuits Shown 



SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT 
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MPs834 (SILICON) fc^SJmA 

t 0 ff = 30 nsec 




NPN silicon annular, plastic encapsulated transistor 
for low-cost, high-speed switching applications. For 
typical curves, see 2N834 data sheet. 



CASE 29 

(TO-92) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

CBO 


40 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


30 


Vdc 


Emitter- Base Voltage 


v 

EBO 


5 


Vdc 


D. C. Collector Current 


: c 


200 


mAdc 


Junction Temperature 


T J 


+125 


°C 


Storage Temperature Range 


stg 


-55 to +125 


°C 


Total Device Dissipation 
@ 25 °C Case Temperature 

(Derate 5.0 mW/°C above 25°C) 


P D 


500 


mW 


Total Device Dissipation 

@ 25 °C Ambient Temperature 

(Derate 3.0 mW/°C above 25°C) 


P D 


300 


mW 



TURN-ON AND TURN-OFF CHARGE STORAGE TIME 

TIME MEASUREMENT CIRCUIT CONSTANT MEASUREMENT CIRCUIT 




NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATR0N MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 
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MPS834 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



C ha ract eristic 

V*IIUl QUI Wl lOllw 


Symbol 


A/lin 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
I E = 0, I c = 10 /iAdc 


BV CBO 


40 






Vdc 


Emitter -Base Breakdown Voltage 
I c = 0, I E = 10 /iAdc 


BV EBO 


5 


- 


- 


Vdc 


Collector Cutoff Current 
V BE = °' V CE = 30 Vdc 


r CES 


- 


- 


10 


/zAdc 


Collector Cutoff Current 
! E " °- V CB " 20 VdC 


r CBO 


- 


- 


0. 5 


/iAdc 


Forward Current Transfer Ratio* 
I c = 10 mAdc, V CE = 1 Vdc 


h FE* 


25 


- 


- 


- 


Collector Saturation Voltage* 
I c = 10 mA, I B = 1 mA 


V CE(sat)* 






0.25 


Vdc 


V>UllcLlUi OctLU.1 cttlUIl VUlLa^C 

I~ = 50 mA, L = 5 mA 


v * 
CE(sat) 






0. 4 


Vdc 


Dn cp„ TTm i f tor* Qa tnr*n 1 1 Pin \Tr\ 1 f ^ rro 3 ^ 
OdotT"" XZjIIIILLcX Oct LIU. dllUll VUllcLgc! 

I c = 10 mAdc, I B = 1. 0 mAdc 


v * 
BE (sat) 






0. 9 


Vdc 


Collector Capacitance 

I E = 0, V CB = 10 Vdc, f = 100 kc 


C , 
ob 






4 


pf 


Small*- Signal Forward Current Transfer 
Ratio 

I c = 10 mAdc, V CE = 20 Vdc, f = lOOmc 


h, 
fe 


3. 5 








Current Gain Bandwidth Product 

I c = 10 mAdc, V CE = 20 Vdc, f = lOOmc 


f T 


3 50 






mc 


Charge Storage Time Constant 
I c = 10 mA, I B1 = I B2 = 10 mA 


T S 






25 


nsec 


Turn-on Time 

I c = 10 mA, I j = 3 mA, I B2 = 1 mA 


'on 






16 


nsec 


Turn-off Time 

I c = 10 mA, I B1 = 3 mA, = 1 mA 


'off 






30 


nsec 



* Pulse Test: PW < 12 nsec, Duty Cycle < 2% 
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MPS271 1 (SILICON) 
MPS2712 

MPS 271 5 
MPS 2716 



NPN silicon epitaxial plastic encapsulated transistor 
designed for low-power, small-signal audio applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


v 

v CEO 


18 


Vdc 


Collector -Base Voltage 


v 

V CB 


18 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current 

MPS2711, 12 
MPS2715, 16 


J C 


100 
25 


mAdc 


Total Device Dissipation @ T A = 25°C 


P D 


310 


mW 


Total Device Dissipation @ T c = 60°C 


P D 


210 


mW 


Operating Junction Temperature Range 


T J 


135 


°C 


Storage Temperature Range 


stg 


-55 to +135 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Rating 


Unit 


Thermal Resistance, Junction to Ambient 




0.357 


°C/W 



Vceo=18V 
l c = 25-100 mA 
P D = 300 mW 
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MPS271 1, MPS2712, MPS2715, MPS2716 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 18Vdc, I E =0) 

(V CB = 18V dc I E =0, T A =100°C) 


^BO 




0.5 
1.5 


I^Adc 


Emitter-Base Cutoff Current 
(V EB - 5 Vdc, I c . 0) 


X EBO 




0.5 


fiAdc 


DC Current Gain 

(V 0 „ = 4. 5 Vdc, I_ = 2 mAdc) MPS2711/15 
CE c MPS2712/16 


h FE 


30 
75 


90 
225 




Output Capacitance 

(V nvi = 10 V, L, = 0, f = 1 MHz) MPS2711/12 
CB E MPS2715/16 


C ob 




4.0 
3.5 


pF 


Small Signal Current Gain 

(V nT? = 10 Vdc, l n = 2 mAdc, f = 1 kHz) MPS27H/15 
^ U MPS2712/16 


h fe 


30 
80 


120 
200 
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eral purpose low-level switching applications. Fea- 
'acc *o tures one-piece, injection -molded plastic package 

* ASE 29 for high reliability. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CB 


18 


Vdc 


Collector-Emitter Voltage 


v 

V CE 


18 


Vdc 


Emitter- Base Voltage 


V EB 


5 


Vdc 


Collector Current 


>C 


200 


mAdc 


Total Device Dissipation© T A = 60°C 


P D 


210 


mW 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


310 
2.81 


mW 
mW/°C 


Thermal Resistance, Junction to Ambient 


B JA 


0.357 


°C/mW 


Junction Operating Temperature 


Tj 


135 


°C 


Storage Temperature Range 


T stg 


-55 to +135 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(V CB = 18 Vdc, I E = 0) 


*CBO 






0.5 


/lAdc 


(V CB = 18 Vdc, I E = 0, T A = 100°C) 








15 




Emitter Cutoff Current 
(V EB = 5 Vdc, Ic = 0) 


^BO 






0.5 


fiAdc 
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MPS2713, MPS2714 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


ON CHARACTERISTICS 


DC Current Gain 
Oc = 2 mAdc, V C E = 4.5 Vdc) MPS2713 


h FE 


30 


60 


90 






MPS2714 




75 


150 


225 




Collector-Emitter Saturation Voltage 
(Iq = 50 mAdc, % = 3 mAdc) 


v CE(sat) 




0.16 


0.3 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 50 mAdc, I B = 3 mAdc.) 


V BE(sat) 


0.6 


0^75 


1.3 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(IC = 2 mAdc, V CE = 4.5 Vdc, i = 1 kc) MPS2713 


h fe 


30 




120 






MPS2714 




80 




300 




Current- Gain— Bandwidth Product 
(Iq = 10 mAdc, V CE = 10 Vdc, f = 100 mc) 


f T 




250 




mc 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




2.5 




Pf 


Input Impedance 
(Iq = 0.5 mAdc, V CE = 1 Vdc, f = 1 kc) 


hie 




3000 




ohms 


SWITCHING CHARACTERISTICS 


Delay Time 


IC - 10 mA, I B1 - 3 mA, V cc = 10 V 


*d 




7 




nsec 


Rise Time 


*r 




6 




nsec 


Storage Time 


Ic = 10 mA, Igj = 3 mA, I B 2 = 1 mA, 


t S 




12 




nsec 


Fall Time 


v cc =iov 


*1 




9 




nsec 



MPS 27 15 (SILICON) 

mps2716 



For Specifications, See MPS 2711 Data Sheet 
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MPS2894 (SILICON) 



V CE o=12V 

h FE = 40 

♦off = 90 nsec 



CASE 29 

(TO-92) 




PNP silicon annular, plastic encapsulated transistor 
for low-cost, low- level, high-speed switching applica- 
tions. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

CBO 


12 


Vdc 


Collector -Emitter Voltage 


v 

CEO 


12 


Vdc 


Emitter -Base Voltage 


V 

EBO 


4 


Vdc 


Total Device Dissipation 

@ 25 °C Ambient Temperature 
Derate above 25°C 


P D 


0.3 

3 


Watt 

mW/°C 


Total Device Dissipation 
@ 25 °C Case Temperature 
Derate above 25 °C 


P D 


1.0 
10 


Watt 
mW/°C 


Operating Junction Temperature 


T J 


125 


°C 


Storage Temperature Range 


T 

stg 


-55 to +125 


°C 



SWITCHING TIME TEST CIRCUIT 




V in<> 



O V . 
out 

To Sampling Scope 

Rise Time < 1 ns 

Z. - 100 K 
in 



Z. - 50 0 

m 



T ; V. . = +3, V. = -7 V 
on bb in 



T : V 
off bb 



-4 V, V. s +6 V 
in 
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MPS2894 (continued) 



ELECTRICAL CHARACTERISTICS <Tc - 25*C unless otherwise noted) 



C harartprictir 
v*i la I al I d 1 1 L 


jymuoi 


Mm 


Typ 


Msx 


1 lni+ 

uniT 


Collector Cutoff Current 
V CB=- 6V > 


^CBO 






.08 


ma 


V CB " " 6 V - r E " °. T A " 125 ° C 












Collector-Base Breakdown Voltage 
I = 10 nA, 1=0 

L/ Hi 


BV CBO 


-12 






Vdc 


Collector -Emitter Sustaining Voltage* 
I c = 10 mA, I B = 0 


V CEO(sust) 


-12 






Vdc 


Emitter -Base Breakdown Voltage 
I E = 100 /xA, I c = 0 


BV EBO 


-4.0 






Vdc 


Collector-Emitter Saturation Voltage 
I c = 10 mA, I B = 1.0 mA 


V CE(sat) 






-0. 15 


Vdc 


1^ = 30 mA, Ig = 3.0 mA 






-0. 1 


-0. 2 




I c = 100 mA, I B = 10 mA 








-0.5 




Base -Emitter Saturation Voltage 
I c = 10 mA, I B = 1.0 mA 


V BE(sat) 


-0. 78 




-0.98 


Vdc 


I c = 30 mA, I B = 3. 0 mA 




-0.85 




-1.20 




I c = 100 mA, I B = 10 mA 








-1.7 




DC Pulse Current Gain* 
I c = l mA, V CE = 0.3 V 


h FE* 


25 






- 


I c = 10 mA, V CE = 0. 3 V 




30 








I c = 30 mA, V CE = 0. 5 V 




40 


70 


150 




T - W mA V - ft R V I °r , V 

Iq — ou m a, ~ v 0" ^/ 




17 








I„ = 100 mA, V„^ = 1.0 V 




25 








High Frequency Current Gain (f = 100 mc) 
V CE = 10 V ' X C = 30 mA 


h fe 


4.0 








Output Capacitance 

V CB = ~ 5 ' 0 V ' l E = °» f = 140 kc 


C ob 






6.0 


pf 


Emitter Transition Capacitance 
V EB = -0. 5 V, I c = 0, f = 140 kc 


C TE 






6.0 


Pf 


Turn -On Time 

I c = 30 mA, = 1.5 mA 






23 


60 


nsec 


Turn -Off Time 

I c = 30 mA, I fil = I B2 = 1. 5 mA 


l off 




34 


90 


nsec 



* Pulse Conditions: Length = 300 i±sec 
Duty Cycle < 2% 
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MPS2923 thru MPS2925 (SILICON) 



CASE 29 

(TO-92) 




Vceo = 25V 
l c = 100 mA 
P D = 200 mW 



NPN silicon annular, plastic encapsulated transistors 
for low-cost, medium- speed, general- purpose ampli- 
fier and oscillator applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

CBO 


25 


Vdc 


Collector -Emitter Voltage 


v 

CEO 


25 


Vdc 


Emitter-Base Voltage 


v 

EBO 


5 


Vdc 


Collector dc Current 




100 


mAdc 


Total Device Dissipation 

@ 25 °C Ambient Temperature 
Derating Factor above 25 °C 


P D 


200 
2.67 


mW 

mW/°C 


Total Device Dissipation 

@ 55 °C Ambient Temperature 
Derating Factor above 25 °C 


P D 


120 
2.67 


mW 

mW/°C 


Junction Temperature -Operating 


T J 


100 


°C 


Storage Temperature Range 


T 

stg 


-30 to +125 


°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
V CB' 25V ' "e" 0 


^BO 




0.5 


ma 


V CB= 25V ' 'E 30 ' T a = 100°C 








15 


ma 


Emitter Cutoff Current 
V EB = 5V 


*EBO 




0.5 


ma 


Small Signal Current Gain (f = 1 kc) 
V CE = 10 V, I c = 2 mA 

MPS2923 
MPS2924 
MPS2925 


h fe 


90 
150 
235 


180 
300 
470 




Collector Capacitance 

V CB = 10 V, I E = 0, f = 1 mc 


C ob 




12 


pf 
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MPS2926 (SILICON) 
MPS3721 



CASE 29 

(TO-92) 




Vceo=18V 
l c = 100 mA 
P D = 310mW 



NPN silicon epitaxial plastic encapsulated transistors 
designed for general-purpose applications. 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Ratings 


Unit 


Collector- Emitter Voltage 


v 

V CEO 


18 


Vdc 


Collector- Base Voltage 


v 

V CB 


18 


Vdc 


Emitter- Base Voltage » 


v 

EB 


5 


Vdc 


Collector Current 


! c 


100 


mAdc 


Total Device Dissipation @ 25°C Ambient Temperature 


P D 


310 


mW 


Total Device Dissipation @ 60°C Ambient Temperature 


P D 


210 


mW 


Thermal Resistance, Junction to Ambient 




0.357 


°C/mW 


Junction Temperature, Operating 




135 


•c 


Storage Temperature Range 


T 

stg 


-55 to +135 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 
(V CB = 18 Vdc, I E = 0) 

(V CB = 18 Vdc, I E = 0, T A = 100°C) 


J CBO 






0.5 

15 


ma 


Emitter Cutoff Current 
(V EB = 5Vdc, I c =0) 


X EBO 






0.5 


ma 


Current Gain — Bandwidth Product 

(I c = 4 mA, V CE = 5 V) MPS2926 


£ T 




300 




MHz 


Output Capacitance 

(V CB = 10 V, I E = 0, f = 1 MHz) 


C ob 






3.5 


pF 


Small Signal Current Gain 

{V = 10 V, I r = 2 mA, f = 1 kHz) 

^ ^ MPS2926 
MPS3721 


h fe 


35 
60 




470 
660 





Each unit will be branded with the MPS2926 type and also by color code to identify the different A- C beta 
categories. A-C beta is broken down into five groups, though it is not a requirement of the JEDEC regis- 
tration, and typical values of DC beta are listed for guidance only. 



MPS2926 
Color Code 


(V CE = 10V, l c = 2mA, f=l kc) 


(V CE = 4.5 V, l c = 2mA) 


Min 


Max 


Typ 


Brown 

Red 

Orange 

Yellow 

Green 


35 
55 
90 
150 
235 


70 
110 
180 
300 
470 


36 
62 
115 
155 
215 



8-288 



Switching and General Purpose Transistors — 

MPS3392 thru MPS3398 (SILICON) y«° = " V 

lc = 100 mA 

P D = 310mW 



NPN silicon annular plastic encapsulated transistors 
designed for small-signal, low-power audio applications. 

CASE 29 

(TO-92) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

v CEO 


25 


Vdc 


Collector-Base Voltage 


V CB 


25 


Vdc 


Emitter -Base Voltage 


v 

EB 


5 


Vdc 


Collector Current 


J c 


100 


mAdc 


Total Device Dissipation @ T A = 25°C 


P D 


310 


mW 


Total Device Dissipation @ T c = 60°C 


P D 


210 


mW 


Operating Junction Temperature Range 


T J 


135 


°C 


Storage Temperature Range 


T . 
stg 


-55 to +135 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Rating 


Unit 


Thermal Resistance, Junction to Ambient 




0.357 


°C/mW 
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Switching and General Purpose Transistors 

MPS3392 thru MPS3398 (continued) 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Emitter Breakdown Voltage 
(I c = 1 mAdc, Ig = 0) 


BV 

CEO 


25 


- 


Vdc 


Collector Cutoff Current 
(V CB = 18Vdc, ^ = 0) 


* CBO 




0.1 


/(Adc 


Emitter Cutoff Current 
(V EB = 5 Vdc, I c =0) 


*EBO 




0.1 


//Adc 


DC Current Gain 

(V nv , = 4.5 Vdc, I n = 2 mAdc) MPS3392 
Cb u MPS3393 

MPS3394 
MPS3395 
MPS3396 
MPS3397 
MPS3398 


h FE 


150 
90 
55 

150 
90 
55 
55 


300 
180 
110 
500 
500 
500 
800 




Output Capacitance 

(V CB = 10 V, Ig = 0, f = 1 MHz) 


C ob 




3.5 


pF 


Small Signal Current Gain 

(V,™ = 4. 5 V, I n = 2 mA, f = 1 kHz) MPS3392 
Cli L MPS3393 

MPS3394 
MPS3395 
MPS3396 
MPS3397 
MPS3398 


h fe 


150 
90 
55 

150 
90 
55 
55 


500 
400 
300 
800 
800 
800 
1250 
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Switching and General Purpose Transistors 



MPS3638 (SILICON) ^LlJomA 
MPS 3638 A t„ = 75ns 

toff = 175 ns 




PNP silicon epitaxial transistor designed for high- 
current digital applications- Features one-piece, in- 
CASE 29 ^ jection-molded plastic package for high reliability. 

(TO-92) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


V CEO 


25 


Vdc 


Collector-Emitter Voltage 


V CES 


25 


Vdc 


Collector- Base Voltage 


V CB 


25 


Vdc 


Emitter-Base Voltage 


v 

EB 


4 


Vdc 


Collector Current 


*C 


500 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


310 
2.81 


mW 
mW/°C 


Operating and Storage Junction Temperature Range 


V T stg 


-55 to +135 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


6 JA 


0.357 


°C/mW 



FIGURE 1 



V BB= +3 - 1V V CC=- 10V 

O 



30 n 



~i_r 



170 rf\ 



~° V out To Sam P lin S Scope 
Rise Time < 1 ns 
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Switching and General Purpose Transistors 

MPS3638, MPS 3 63 8 A (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25* C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
(I c = 10 mAdc, I B = 0) 


BV CEO* 


25 




Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 100 nAdc, V BE = 0) 


BV CES 


25 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 100 nAdc, I E = 0) 


BV CBO 


25 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 M Adc, I c = 0) 


BV EBO 


4 




Vdc 


Collector Reverse Current 
(V CE = 15 Vdc, V BE = 0) 
(V CE = 15 Vdc, V B£ = 0, T A = + 65"C) 


! CES 




0.035 
2 


/iAdc 


Base Current 

(V CE = 15 Vdc, V BE = 0) 


*B 




0.035 


fiAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I c = 1 mAdc, V CE = 10 Vdc) MPS3638A 
(I„ = 10 mAdc, V p „ = 10 Vdc) MPS3638 

MPS3638A 

(I r = 50 mAdc, V rp = 1 Vdc) MPS3638 

MPS3638A 

(I c = 300 mAdc-, V CF = 2 Vdc) MPS3638 

MPS3638A 


h FE* 


80 
20 
100 

30 
100 
20 
20 






Collector-Emitter Saturation Voltage* 
(I c = 50 mAdc, I B = 2. 5 mAdc) 
(I c = 300 mAdc, I 0 = 30 mAdc) 


V CE(sat)* 




0.25 
1.0 


Vdc 


Base-Emitter Saturation Voltage* 
d c = 50 mAdc, I fi = 2. 5 mAdc) 
d c = 300 mAdc, l Q = 30 mAdc) 


V BE(sat)* 


0.80 


1.1 
2.0 


Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 

(V CE = 3 Vdc, I c = 50 mAdc, f = 100 MHz) MPS3638 

MPS3638A 


f T 


100 
150 




MHz 


Output Capacitance 

(V rn = 10 Vdc, I„ = 0, f = 140 kHz) MPS3638 
CB E MPS3638A 


C ob 




20 
10 


P F 


Input Capacitance 

(V RP = 0. 5 Vdc, I„ = 0, f = 140 kHz) MPS3638 
C MPS3638A 


C ib 




65' 
25 


P F 


Small-Signal Current Gain 

d c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) MPS3638 

MPS3638A 


h fe 


25 
100 


180 




Output Conductance 

d c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 


h oe 




1.2 


mmhos 


Input Resistance 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) MPS3638 

MPS3638A 


h ie 




1500 
2000 


Ohms 


Voltage Feedback Ratio 

(I c = 10 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) MPS3638 

MPS3638A 


h re 




26 
15 


X10" 4 


SWITCHING CHARACTERISTICS 


Delay Time 


V CC = 10 Vdc ' *C = 300 mAdc > 
I B1 = 30mAdc. V fiE(of{) = 3.1 Vdc 


*d 




20 


ns 


Rise Time 


r 




70 




Storage Time 


V cc = 10 Vdc, I c = 300 mAdc, 
I B1 = 30 mAdc, I B2 = 30 mAdc 






140 


ns 


Fall Time 


l f 




70 


ns 


Turn-On Time 


I c = 300 mAdc, I Q1 = 30 mAdc 


on 




75 


ns 


Turn-Off Time 


I c = 300 mAdc, I B1 a 30 mAdc, I B2 = 30 mAdc 


l off 




170 


ns 



♦Pulse Test: Pulse Width = 300 us; Duty Cycle = 1% 
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Switching and General Purpose Transistors 



MPS3639 (SILICON) H C =80mA 

t s = 20 nsec 

PNP silicon annular, plastic encapsulated transistor 
for low-cost, low- level, high-speed switching applica- 
tions. 

CASE 29 

(TO-92) 




MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


D. C. Collector Current 


*c 


80 


mAdc 


Collector- Base Voltage 


v 

V CBO 


-6 


Vdc 


Collector- Emitter Voltage 


V CE 


-6 


Vdc 


Emitter- Base Voltage 


V 

EBO 


-4 


Vdc 


Total Device Dissipation 
@ 25° Ambient Temperature 


P D 


0.2 


Watts 


Derate above 25°C 




2.0 


mW/°C 


Total Device Dissipation 
(a 25 = C Case Temperature 


P D 


0.5 


Watts 


Derate above 25°C 




5.0 


mW/°C 


Operating Junction Temperature 


T J 


125 


°C 


Storage Temperature Range 


T 

stg 


-55 to +125 


°c 



SWITCHING TIME TEST CIRCUITS 



1.9 V 




out 

To sampling scope 

Input Z *100 K 
Rise time * 1 nsec 




out 

To sampling scope 

Input Z i 100 K 
Rise time s 1 nsec 



PULSE SOURCE 
Rise time is 1 nsec 
PW*100 nsec 



in 



: 50(1 



Fall time * 1 nsec 

NOTES: (1) Collector Current = 50 mA 
(2) Turn-On and Turn-Off Base 
Currents = 5 mA 



PULSE SOURCE 
Rise time s 1 nsec 
PW * 200 nsec 
Z. n = 5012 

Fall time si sec 

NOTES: (1) Collector Current = 10 mA 
(2) Turn-On and Turn-Off Base 
Currents = 0.5 mA 
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Switching and General Purpose Transistors 

MPS3639 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25«C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
V CE = 3V ' V EB =0 
V CE =3V ' V EB =0 ' T A = + 65°C 


r CES 




. 01 

l 


fiA 


Base Current 
V CE = 3V - V EB=° 




- 


10 


nA 


Collector- Emitter Breakdown Voltage 
I c = 100 MA, V BE = 0 


BV CES 


6 




V 


Collector- Base Breakdown Voltage 
i c = 100 M A, i e = 0 


BV CBO 


6 


- 


V 


Emitter- Base Breakdown Voltage 
i E = 100 ma, i c = 0 


EBO 


4 




V 


Collector- Emitter Sustaining Voltage 
I B = 0, I c = 10 mA, P. W. = 300 /isec 

D. C. = 1% 


V CEO(sus) 


6 


- 


V 


Collector- Emitter Saturation Voltage 
I c .= 10 mA, I B = 1 mA 

I c = 50 mA, I B = 5 mA, P. W. = 300 jusec 

D. C. = 1% 

l c = 10 mA, I B = 1 mA 


V CE(sat) 




0.16 

0.5 
0.23 


V 


Base- Emitter Saturation Voltage 
I c = 10 mA, I fi = 0. 5 mA 

I c = 10 mA,. I B = 1 mA 

I c = 50 mA, Ig = 5 mA, P.W. = 300 /xsec, 

D. C. = 1% 


V BE(sat) 


0.75 
0.8 


0.95 
1 

1.5 


V 


Forward Current Transfer Ratio 
V^ = 0.3 V, 1„ = lO.mA, P.W. = 300 /Lisec, 

D. C. = 1% 

V CE = 1. 0 V, I c = 50 mA, P. W. = 300 fisec, 
D. C. = 1% 


h FE 


30 
20 


120 
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Switching and General Purpose Transistors 



MPS8639 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Svmhol 


Min 


Max 


Unit 


Small-Signal Current Transfer Ratio 
V CE = 5 V, I Q = 10 mA, f = 100 mc 


h fe 


5 






V CB = °' *C = 10 mA ' f = 100 mC 




3 






Output Capacitance 
l x? = °> Vnn = 5 V, f = 140 kc 

Hi LB 


C ob 




3.5 


pf 


Input Capacitance 
V EB - 0. 5 V, I c = 0, f = 140 kc 


C ib 


- 


3.5 


pf 


Delay Time 
V CC ^ 6 V ' ! C = 50 mA ' *B1 = 5 mA 
V OB= L9V 


'd 




10 


nsec 


Rise Time 
V CC = 6 V ' J C = 50 mA ' *B1 = 5 mA ' 
V OB =1 - 9V 


t 




30 


nsec 


Storage Time 
V CC =6V > V 50 mA > ^l^BT 511 ^ 


t 

s 




20 


nsec 


Fall Time 

V CC = 6V, I c = 50 mA, I B1 = I B2 = 5 mA 


«f 




12 


nsec 


Turn-On Time 
I c = 50 mA, I B1 = 5 mA, V QB = 1. 9 V 

I c = 10 mA, I B1 = 0. 5 mA 


««, 




25 
60 


nsec 


Turn- Off Time 
I c= 50 mA, V OB =1.9V, = = 5 mA 

I = 10 mA, I B1 = I B2 = 0. 5 mA 


'oH 




25 
60 


nsec 
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Switching and General Purpose Transistors 



MPS3640 (SILICON) l°=SOmA 

t s = 20 nsec 

PNP silicon annular, plastic encapsulated transistor 
for low-cost, low- level, high-speed switching applica- 
tions. 

CASE 29 



(TO-92 x 

MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


D. C. Collector Current 


*c 


80 


mAdc 


Collector- Base Voltage 


V CBO 


12 


Vdc 


Collector- Emitter Voltage 


v 

V CEO 


12 


Vdc 


Emitter- Base Voltage 


v 

v EBO 


4 


Vdc 


Total Device Dissipation 

@ 25 °C Ambient Temperature 


P D 


0.2 


Watts 


Derate above 25 °C 




2.0 


mW/°C 


Total Device Dissipation 
@ 25° Case Temperature 


P D 


0.5 


Watts 


Derate above 25 °C 




5.0 


mW/°C 


Operating Junction Temperature 


T J 


125 


°C 


Storage Temperature Range 


T 

stg 


-55 to +125 


°C 



ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
V CE = 6V ' V EB=° 
V CE = 6V - V EB = °' T A = + 65°C 


X CES 




.01 

l 


ma 


Base Current 

V CE = 6 V > V EB = 0 


r B 




10 


nA 


Collector -Emitter Breakdown Voltage 

i c = ioo ma, v be = 0 


BV CES 


12 




V 


Collector -Base Breakdown Voltage 
i c = 100 ma, i e = 0 


BV CBO 


12 




V 


Emitter -Base Breakdown Voltage 
I £ = 100 nA, I c = 0 


BV EBO 


4 




V 


Collector -Emitter Sustaining Voltage 
I B = 0, I c = 10 mA, P. W. = 300 jisec, 

D.C. = 1% 


V CEO(sus) 


12 




V 
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Switching and General Purpose Transistors 

MPS3640 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Saturation Voltage 
I c = 10 mA, I B = 1 mA 

I Q = 50 mA, Ig = 5 mA, P. W. = 300 psec, 

D.C. = 1% 

I c = 10 mA, I B = 1 mA, T A = +65°C 


V CE(sat) 


- 


0.2 
0.6 


V 


Base -Emitter Saturation Voltage 
I c = 10 mA, Ig = 0. 5 mA 

I c = 10 mA, I B ^= 1 mA 

I c = 50 mA, I B = 5 mA, P.W. = 300 jisec, 

D.C. = 1% 


VtJ XT' / i\ 


0.75 
0.8 


0.95 
1 

1.5 


V 


Forward Current Transfer Ratio 

V^g = 0. 3 V, 1^-, = 10 mA, P.W. = 300 /usee, 

D.C. = 1% 

V„„ = 1.0 V, L, = 50 mA, P.W. = 300 usee, 
D.C. = 1% 


h FE 


30 
20 


120 
— 


— 


Small-Signal Current Transfer Ratio 
V CE = 5 V ' *C = 10 mA ' f = 100 mC 
V CB = °' *C = 10 mA ' f = 100 mC 


h fe 


5 
3 




- 


Output Capacitiance 

I E = 0, V CB = 5 V, f = 140 kc 


C 0b 




3.5 


pf 


Input Capacitance 

V EB = 0,5 V, I c = 0, f = 140 kc 


C ib 


- 


3.5 


pf 


Delay Time 

V CC = 6 V ' l C = 50 mA} l Bl = 5 raA ' 
V 0B = 1.9V 


*d 




10 


nsec 


Rise Time 

V CC = 6 V> l C = 50 mA ' ^1 = 5 mA ' 
V OB = 1.9V 


V 




30 


nsec 


Storage Time 
V CC- 6V > I c = 50mA - I Bi-^ 2 -. s » A 


t 

s 




20 


nsec 


Fall Time 

V CC ~ b V ' X C " &U mA ' ^Bl " *B2 5 mA 






12 


nsec 


Turn -On Time 

I c = 50 mA, I B1 = 5 mA, V QB = 1. 9 V 

I c = 10 mA, I B1 = 0. 5 mA 


'on 




25 
60 


nsec 


Turn -Off Time 

I c = 50mA, V QB = 1.9V, I m = = 5 mA 

I c = 10 mA, I B1 = I B2 = 0. 5 mA 


'oil 




35 
75 


nsec 
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Switching and General Purpose Transistors 



MPS3646 (SILICON) VcES = *°v 

l c = 200 mA 



CASE 29 

(TO-92) 




NPN silicon annular transistor designed for high- 
speed saturated switching applications. Features 
one - piece, injection - molded plastic package for 
high reliability. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


VsUIlcClUI Delta c V Uluxge 


v 

V CB 




VUL 


Collector -Emitter Voltage 


V 

V CES 


40 


Vdc 


Collector-Emitter Voltage 
Applicable 0.01-200 mA 


v 

V CEO 


15 


Vdc 


Emitter -Base Voltage 


v 

EB 


5.0 


Vdc 


DC Collector Current 


J c 


200 


mA 


Collector Current (10 psec pulse) 


l c 


500 


mA 


Total Device Dissipation @ T. = 25° C 
Derate above 25° C 


P D 


200 
2.0 


mW 

mW/°C 


Total Device Dissipation @ T c = 25° C 
Derate above 25° C 


P D 


500 
5.0 


mW 
mW/°C 


Operating Junction Temperature 


T J 


125 


°C 


Storage Temperature Range 


T 


-55 to +125 


°c 
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Switching and General Purpose Transistors 

MPS3646 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise specified.) 



Characteristic 


Conditions 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 


I c = 100 jiAdc, I E - 0 


BV CBO 


40 




Vdc 


Collector-Emitter Breakdown Voltage 


I c = 100 nAdc, V BE = 0 


BV CES 


40 




Vdc 


Collector-Emitter Sustaining Voltage* 


I c = 10 mAdc 


V CEO(sus) 


15 


- 


Vdc 


Emitter-Base Breakdown Voltage 


Ig = 100 pAdc, Iq = 0 


BV 

EBO 


5.0 




Vdc 


Collector-Emitter Saturation Voltage* 


I c = 30 mAdc, Ig = 3.0 mAdc 

I =30 mAdc I =30 mAdc T = +65 C 
C ' B 'A 

I c = 100 mAdc, Ig = 10 mAdc 
I c = 300 mAdc, Ig = 30 mAdc 


V CE(sat) 


— 
— 


0.2 
0. 3 
0. 28 
0.5 


Vdc 


Base -Emitter Saturation Voltage* 


I c = 30 mAdc, I B = 3. 0 mAdc 
I c = 100 mAdc, Ig = 10 mAdc 
I = 300 mAdc I = 30 mAdc 


V BE(sat) 


0.75 
~ 


0. 95 
1.2 

1. 7 


Vdc 


DC Current Gain* 


I c = 30 mAdc, V CE = 0. 4 Vdc 
I c = 100 mAdc, V CE = 0. 5 Vdc 
I c = 300 mAdc, V CE = 1.0 Vdc 


h FE* 


30 
25 
15 


120 




Collector Reve?se Current 


V_„ = 20 Vdc, V OD = 0 
CE ' EB 

V CE = 20 Vdc, V EB = 0, T A = +65 C 


*CES 


- 


0.5 
3.0 


pAdc 


Base Current 


V CE =20Vdc, V EB = 0 


T B 


- 


0. 5 


uAdc 


Output Capacitance 


V on = 5.0 V, I„ = 0, f = 140 kc 
CB ' E 


c. 

ob 




5.0 


Pf 


Input Capacitance 


V EB = 0. 5 V, I c = 0, f - 140 kc 


C ib 




8.0 


pf 


Small-Signal Current Gain 


T - ^fl mA V - 10 V f - inn mr 
1^ — ou ni rv, CE _ ~ niu 


h 

n fe 


3. 5 






Turn- On Delay Time (Figure 1) 


v qq - +iu v, Juu mrt, igj ou m/\, 
V BE(off) = - 3 -° V 


l d 




10 




Rise Time (Figure 1) 


V cc = +10 V, I cg 300 mA, 30 mA, 
V BE(off) = - 3 -° V 


t 

r 




15 


nsec 


Turn-On Time (Figure 1) 


I c 300 mA, l B1 30 mA, V BE(o£f) -3.0 V 


t 

on 




18 


nsec 


Storage Time (Figure 1) 


V CC = +1 ° V ' l CS 300 mA ' ! B1 30 mA ' 
Ig 2 -30 mA 


t 

s 




20 


nsec 


Fall Time (Figure 1) 


V cc = +10 V, I cg 300 mA, 1^ 30 mA, 
I B2 -30 mA 


'f 




15 


nsec 


Turn-Off Time (Figure 1) 


I c 300 mA, I 30 mA, I -30 mA 


'off 




28 


nsec 


Charge Storage Time Constant (Figure 2) 


I c 10 mA, I 10 mA, Ig 2 -10 mA 


T s 




18 


nsec 



♦Pulse Conditions: PW S 300 sec: Duty Cycle 11% 
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Switching and General Purpose Transistors 



MPS3707 (SILICON) 

mps3708 
mps3709 
mps3710 
mps3711 



V CEO = 30V 
l c = 30 mAdc 




CASE 29 

(TO-92) 



NPN silicon epitaxial plastic encapsulated transistor 
designed for general- purpose low-level amplifier ap- 
plications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


V CEO 


30 


Vdc 


Collector -Base Voltage 




30 


Vdc 


Emitter -Base Voltage 


v 

EB 


6 


Vdc 


Collector Current 


r c 


30 


mAdc 


Total Device Dissipation @ = 25°C 


P D 


310 


mW 


Total Device Dissipation @ T c = 60°C 


P D 


210 


mW 


Operating Junction Temperature Range 


T J 


135 


°C 


Storage Temperature Range 


T 

stg 


-55 to +135 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Rating 


Unit 


Thermal Resistance, Junction to Ambient 




0.357 


°c/w 
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Switching and General Purpose Transistors 

MPS3707, MPS3708, MPS3709, MPS3710, MPS371 1 (continued) 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Emitter Breakdown Voltage 
(I c = 1 mAdc, I B = 0) 


BV CEO 


30 


- 


Vdc 


Collector Cutoff Current 
(V CB = 20 Vdc, = 0) 




- 


100 


nAdc 


Emitter Cutoff Current 
(v EB = 6 Vdc, i c =o) 


^BO 




100 


nAdc 


DC Current Gain 

(I c = 100 nAdc, V CE = 5 Vdc) MPS3707 

(I = 1 mAdc, V = 5 Vdc) MPS3708 
u U MPS3709 

MPS3710 
MPS3711 


h FE 


100 

45 
45 
90 
180 


400 

660 
165 
330 
660 




Collector -Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 0. 5 mAdc) 


V CE(sat) 




1.0 


Vdc 


Base -Emitter Voltage 

(I c = 1 mAdc, V CE .= 5 Vdc) 


V BE 


0.5 


1.0 


Vdc 


Small Signal Current Gain 

(I„ = 100 /iAdc, V„„ = 5 Vdc, f = 1kHz) MPS3707 

(I = 1 mAdc, V r „ = 5 Vdc, f = 1 kHz) MPS3708 
U U£j MPS3709 

MPS3710 
MPS3711 


h FE 


100 

45 
45 
90 
180 


550 

800 
250 
450 
800 




Noise Figure 

(V CE = 5 V, I c = 100 /iA, MPS3707 
R G = 5 kS2, Noise Bandwidth = 15. 7 kHz) 
Note 1 


NF 




5 


dB 



Note 1 Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 Hz. 



MPS 37 21 (SILICON) 

For Specifications, See MPS2926 Data Sheet 
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Switching and General Purpose Transistors 



MPS65 1 2 thru MPS65 1 5 (SILICON) iS 100 mA* V 

MPS6520 P D = 310mW 

MPS6521 




NPN silicon transistors designed for use in general 
purpose audio and low-frequency amplifier applications. 
Types MPS6520 and MPS6521 are particularly suited 
for low-noise applications. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


MPS6512 
MPS6513 


MPS6514 
MPS6515 
MPS6520 
MPS6521 


Unit 


Collector-Base Voltage 


V CB 


40 


40 


Volts 


Collector-Emitter Voltage 


v 

v CEO 


30 


25 


Volts 


Emitter-Base Voltage 


v 

EB 


4 


Volts 


Collector Current 


l C 


100 


mA 


Total Device Dissipation @ T^ = 60° C 
@ T A = 25°C 


P D 


210 
310 


mW 


Junction Temperature 


T J 


135 


°C 



THERMAL RESISTANCE ^ A (.ir) = 0.357°C/mW 
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Switching and General Purpose Transistors 

MPS6512 thru MPS6515, MPS 65 20, MPS 6521 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Emitter Breakdown Voltage 
(I c = 0.5 mAdc, I B = 0) 


MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6520, MPS6521 


BV CEO 


30 
25 






Vdc 


Emitter-Base Breakdown Voltage 
(I B = 10 M Adc, I c = 0) 


BV EBO 


4 






Vdc 


Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 




! CBO 






0.05 


MAdc 


(V CB = 30 Vdc, I E =0, T A = 60fC) 






— 


— 


1.0 




DC Current Gain 

(I c = 100 /iAdc, V CE = 10 Vdc) 


MPS6520 
MPS6521 


h^„ 
FE 


100 
150 








(I c = 2 mAdc, V CE = 10 Vdc) 


MPS6512 
MPS6513 
MPS6514 
MPS6515 
MPS6520 
MPS6521 




50 
90 
150 
250 
200 
300 


— 


100 
180 
300 
500 
400 
600 




(I c = 100 mAdc, V CE = 10 Vdc)* 


MPS6512 
MPS6513 
MPS6514 
MPS6515 




30 
60 
90 


- 
— 


— 




Collector- Emitter Saturation Voltage 
(I c = 50 mAdc, I B = 5 mAdc) 


V CE(sat) 






0.5 


Vdc 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 






3.5 


Pf 


Current Gain - Bandwidth Product 
(I c = 2 mAdc, V CE = 10 Vdc) 


MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6520, MPS6521 


f T 




250 
390 
390 






(I c = 10 mAdc, V CE = 10 Vdc) 


MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6520, MPS6521 






330 
480 
480 






Wideband Noise Figure 

(V CE = 5 Vdc, I c = 10 /iAdc, R G = 10 k ohms, 


NF 








db 


Power Bandwidth = 15. 7 kc, 3 db points @ 












10 cps and 10 kc) 


MPS6520, MPS6521 






1.8 


3.0 





♦Pulse Test: PW ^ 30 Msec, duty cycle ^ 2% 



WIDEBAND NOISE FIGURE versus SOURCE IMPEDANCE 



FIGURE 1 - MPS6512 thru MPS6515 FIGURE 2 - MPS6520, MPS6521 




R 6 , SOURCE IMPEDANCE (ohms) RESOURCE IMPEDANCE (ohms) 
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Switching and General Purpose Transistors 

MPS6512 thru MPS651 5, MPS 65 20, MPS 65 21 (continued) 



COLLECTOR CHARACTERISTICS — COMMON EMITTER 



FIGURE 3 - MPS6512 FIGURE 4 - MPS6513 




Vet. COLLECTOR-EMITTER VOLTAGE (Vdc) V ct , COLLECTOR-EMITTER VOLTAGE (Vdc) 
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Switching and General Purpose Transistors 



MPS6512 thru MPS6515, MPS6520, MPS6521 (continued) 



h PARAMETER VARIATIONS 
(f = 1 kc t Ta = 25 °C) 



500 
300 

100 

I 50 
I 30 

1 10 
§ 5.0 

| 30 

J 1.0 

0.5 
0.3 



FIGURE 9 - INPUT IMPEDANCE versus 
COLLECTOR CURRENT 
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0.01 0.03 0.05 0.1 0.3 0.5 1.0 3.0 5.0 10 
Ic, COLLECTOR CURRENT (mAdc) 



FIGURE 10 - REVERSE VOLTAGE TRANSFER 
RATIO versus COLLECTOR CURRENT 




0.01 0.03 0.05 0.1 0.3 0.5 1.0 3.0 5.0 10 25 
Ic, COLLECTOR CURRENT (mAdc) 



FIGURE It - SMALL SIGNAL CURRENT GAIN 
versus COLLECTOR CURRENT 
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Ic COLLECTOR CURRENT (mAdc) 



FIGURE 12 - OUTPUT ADMITTANCE versus 
COLLECTOR CURRENT 
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Switching and General Purpose Transistors 



MPS6516 thruMPs6519 (SILICON) f^i^MMH. 
MPS6522 NF = 3 0dB 

MPS6523 




PNP silicon transistors designed for use in general 
purpose audio and low-frequency amplifier applications. 
Types MPS6522 and MPS6523 are particularly suited 
for low-noise applications. 



(TO-92) 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


MPS6516 
MPS6517 
MPS6518 


MPS6519 
MPS6522 
MPS6523 


Unit 


Collector- Emitter Voltage 


v 

CEO 


40 


25 


Volts 


Collector- Base Voltage 


V CB 


40 


25 


Volts 


Emitter Base Voltage 


V EB 


4 


Volts 


Collector Current 


l c 


100 


mA 


Total Device Dissipation @ T A = 60°C 


P D 


210 


mW 


@ T A - 25°C 




310 




Junction Temperature 


T J 


135 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 




0.357 


°C/mW 
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Switching and Genera/ Purpose Transistors 

MPS6516 thru MPS6519, MPS6522, MPS6523 (continued) 



ELECTRICAL CHARACTERISTICS CTa = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Emitter Breakdown Voltage 
U c = -0. 5 mAdc, I B = 0) 


MPS6516thru MPS6518 
MPS6519, MPS6522, MPS6523 


BV CEO 


-40 
-25 






Vdc 


Emitter-Base Breakdown Voltage 
(I B = -lOjMdc, I c = 0) 


BV EBO 


-4 


- 


- 




Collector Cutoff Current 
(V CB = -30 Vdc, I E = 0) 

(V CB = -20 Vdc, I E = 0) 


MPS6516 thur MPS6518 


X CBO 


— 




-0.05 




MPS6519, MPS6522, MPS6523 






- 


-0.05 




(V CB = -30 Vdc, I E =0, T A = 60° C) 


MPS6516 thru MPS 6518 








-1.0 




(V CB = -20 Vdc, I E =0, T A = 60°C) 


MPS6519, MPS6522, MPS6523 








-1.0 




DC Current Gain 

(I c = -100 /iAdc, V CE = -10 Vdc) 


MPS6522 
MPS6523 


h FE 


150 






— 


(I c = -2 mAdc, V CE = -10 Vdc) 


MPS6516 
MPS6517 
MPS6518 
MPS6519 
MPS6522 
MPS6523 




50 
90 
150 
250 
200 
300 


- 
— 

- 


100 
180 
300 
500 
400 
600 




(I c = -100 mAdc, V CE = -10 Vdc) 


MPS6516 
MPS6517 
MPS6518 
MPS6519 




30 
60 
90 
150 








Collector- Emitter Saturation Voltage 
(I c = -50 mAdc, I B = -5 mAdc) 


V CE(sat) 






-0.5 


Vdc 


Current Gain — Bandwidth Product 
(I c = -2 mAdc, V CE = -10 Vdc) 


MPS6516, MPS6517 
MPS6518, MPS6519 
MPS6522, MPS6523 


f T 




200 
340 
340 




MHz 


(I c = -10 mAdc, V CE = -10 Vdc) 


MPS6516, MPS6517 
MPS6518, MPS6519 
MPS6522, MPS6523 






270 
420 
420 






Output Capacitance 

(V CB = -10 Vdc, I E = 0, f = 100 kHz) 


MPS6516 thru MPS6519 
MPS6522, MPS6523 


C ob 






4.0 
4.0 


pF 


Wideband Noise Figure 

(V = -5 Vdc, I c = -10 /iAdc, R g = 10 kohms, 


MPS6522, MPS6523 


NF 




1.8 


3.0 


dB 


Power Bandwidth = 15. 7 kHz, 3 dB points @ 10 Hz and 10 kHz) 













♦Pulse Test: Pulse Width < 30 /is, duty cycle < 2% 



WIDEBAND NOISE FIGURE versus SOURCE IMPEDANCE 
FIGURE 1 - MPS6516 thru MPS6519 FIGURE 2 - MPS6522, MPS6523 




50 100 300 500 IK 3K 5K 10 K 50 100 300 500 IK 3K 5K 10K 

Rs, SOURCE IMPEDANCE (ohms) R s , SOURCE IMPEDANCE (ohms) 



8-307 



Switching and General Purpose Transistors 

MPS65 1 6 thru MPS65 1 9, MPS6522, MPS6523 (continued) 



COLLECTOR CHARACTERISTICS — COMMON EMITTER 
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Switching and General Purpose Transistors 



MPS6516 thru MPS6519, MPS6522, MPS6523 (continued) 



h PARAMETER VARIATIONS 
(f = 1 kHz.TA = 25°C) 



FIGURE 9 - INPUT IMPEDANCE versus 
COLLECTOR CURRENT 



FIGURE 10 - REVERSE VOLTAGE TRANSFER 
RATIO versus COLLECTOR CURRENT 




-0.01 -0.05 -0.1 -0.5 -1.0 

l c . COLLECTOR CURRENT (mAdc) 



-5.0 -10 -25 



-0.05 -0.1 -0.5 -1.0 -5.0 -10 -25 

lc. COLLECTOR CURRENT (mAdc) 



FIGURE 11 - SMALL-SIGNAL CURRENT GAIN 
versus COLLECTOR CURRENT 




-0.05 -0.1 -0.5 -1.0 

l c , COLLECTOR CURRENT (mAdc) 



5.0 -10 -25 



FIGURE 13 - GAIN - BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 




MPS6516" 
MPS6517 



-3.0 -5.0 
l c , COLLECTOR CURRENT (mAdc) 



FIGURE 12 - OUTPUT ADMITTANCE versus 
COLLECTOR CURRENT 
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Switching and General Purpose Transistors 



mps6530 
mps6531 

mps6532 

mps6533 
mps6534 
mps6535 



NPN (SILICON) 



PNP 



Vceo = 30-40 V 
| c = 600 mA 
P D =310mW 




CASE 29 

(TO-92) 



Silicon annular transistors designed for use in com- 
plementary amplifier circuits. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


NPN 


PNP 


Unit 


Collector -Base Voltage 

MPS6530, MPS6531 
MPS6532 

MPS6533, MPS6534 
MPS6535 


V CB 


60 
50 


40 
30 


Vdc 


Collector -Emitter Voltage 

MPS6530, MPS6531 
MPS6532 

MPS6533, MPS6534 
MPS6535 


V CEO 


40 
30 


40 
30 


Vdc 


Emitter -Base Voltage 


V EB 


5 


4 


Vdc 


Collector Current 


! C 


600 


600 


mAdc 


Total Device Dissipation @ T A = 60° C 
@T A = 25°C 


P D 


210 
310 


210 
310 


mW 


Thermal Resistance, Junction to Ambient 


*JA 


0.357 


0.357 


°C/mW 


Junction Temperature 


T J 


135 


135 


°C 
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Switching and General Purpose Transistors 

MPS6530 thru MPS6535 (continued) 



MPS6530 thru MPS6532 (NPN) 

ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector -Base Breakdown Voltage 
(I c = 10 pAdc, I £ = 0) 


MPS6530, MPS6531 
MPS6532 


BV CBO 


50 


1 . 


'- 




Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


MPS6530, MPSS531 
MPS6532 


BV CEO 


40 
30 


-" 




Vdc 


Emitter-Base Breakdown Voltage 
(I B = 10 nAdc, I c = 0) 


All Types 


BV EBO 


5 


_ 




Vdc 


Collector Cutoff Current 
(V rn = 40 Vdc, I„ = 0) 
(vgj = 30 Vdc, l| = 0) 


MPS6530, MPS6531 
MPS6532 


! CBO 


-_ 


: 


0. 05 
0.1 


nAdc 


(V rn = 40 Vdc, I„ = 0, T A = 60* C) 
(V^g = 30 Vdc, l| = 0, T£ = 60* C) 


MPS6530, MPS6531 
MPS6532 




-_ 


: 


2.0 
5.0 




DC Current Gain 

(I c = 10 mAdc, V CE = 1 Vdc) 


MPS6530 
MPS6531 


h FE 


30 
60 


75 
120 






(I c = 100 mAdc, V CE = 1 Vdc) 


MPS6530 
MPS6531 
MPS6532 




40 
90 
30 


85 
150 


120 
270 




(I c = 500 mAdc, V C£ = 10 Vdc) 


MPS6530 
MPS6531 




25 
50 


60 
80 






Collector- Emitter Saturation Voltage 
(I c = 100 mAdc, I B = 10 mAdc) 


MPS6530, MPS6532 
MPS6531 


V CE(sat) 




0.2 
0.13 


0.5 
0.3 


Vdc 


Base -Emitter Saturation Voltage 
(I c = 100 mAdc, I B = 10 mAdc) 


MPS6530, MPS6531 
MPS6532 


V BE(sat) 




0.82 
0. 85 


1.0 
1.2 


Vdc 


Output Capacitance 

(V CB = 10 Vdc, I £ = 0, f = 100 kc) 


All Types 


C ob 




3.5 


5.0 


pf 


Current-Gain-Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc) 


All Types 


f T 




390 




mc 



MPS6533 thru MPS6535 (PNP) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector -Base Breakdown Voltage 
(I c = 10 jiAdc, I E = 0) 


MPS6533, MPS6534 
MPS6535 


BV CBO 


40 
30 






Vdc 


Collector -Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


MPS6533, MPS6534 
MPS6535 


BV CEO 


40 
30 






Vdc 


Emitter-Base Breakdown Voltage 
(I B = 10»iAdc, I c = 0) 


All Types 


BV EBO 


4 






Vdc 


Collector Cutoff Current 
(Vpr, = 30 Vdc, I v = 0) 
(vg B = 20 Vdc, l| = 0) 


MPS6533, MPS6534 
MPS6535 


r CBO 






0. 05 
0.1 


jxAdc 


(V rR = 30 Vdc, I„ =0, T A = 60* C) 
(V c g = 20 Vdc, = 0, Tj = 60* C) 


MPS6533, MPS6534 
MPS6535 








2.0 
5.0 




DC Current Gain 

(I c = 10 mAdc, V C£ = 1 Vdc) 


MPS6533 
MPS6534 


h FE 


30 
60 


70 
110 






(I c = 100 mAdc, V CE = 1 Vdc) 


MPS6533 
MPS6534 
MPS6535 




40 
90 
30 


85 
140 


120 
270 




(I c = 500 mAdc, V CE = 10 Vdc) 


MPS6533 
MPS6534 




25 
50 


55 
70 






Collector -Emitter Saturation Voltage 
(I c = 100 mAdc, I B = 10 mAdc) 


MPS6533, MPS6535 
MPS6534 


V CE(sat) 




0.2 
0.13 


0.5 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 100 mAdc, I B = 10 mAdc) 


MPS6533, MPS6534 
MPS6535 


V BE(sat) 




0. 84 
0.87 


1.0 
1.2 


Vdc 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kc) 


All Types 


C ob 




4.8 


6.0 


Pf 


Current- Gain-Bandwidth Product 
(I c = 50 mAdc, V C£ = 10 Vdc) 


All Types 


f T 




260 




mc 
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Switching and General Purpose Transistors 
ADDITIONS AND MODIFICATIONS 
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Switching and General Purpose Transistors 
ADDITIONS AND MODIFICATIONS 
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Switching and General Purpose Transistors 
ADDITIONS AND MODIFICATIONS 
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RF Transistors 



I 
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RF Transistors 



RF TRANSISTORS 



Transistors in this section are designed specifically for RF applica- 
tions in VHF/UHF receivers and transmitters. Both silicon and germanium 
devices are included, and the accompanying selection guides permit a rapid 
pin-pointing of devices for specific circuit functions. 



The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 



USA 2N700A 
JAN 2N918 
USN 2N1142 
USN 2N1195 
JAN 2N2273 



MIL-S-19500/123 

MIL-S-19500/301 

ML-S-19500/87 

MIL-S-19500/71C 

MIL-S-19500/244B 



9-9 

9-15 

9-16 

9-16 

9-24 



For case outline dimensions, see page 1 -1 86. 
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RF Transistors 

RF TRANSISTOR SELECTOR GUIDE 



These tables and graphs are intended to permit rapid comparison and se- 
lection of transistors for transmitter and receiver designs. The devices in- 
cluded are suitable for application as RF and IF amplifiers, oscillators, mixers, 
multipliers, power oscillators, drivers, output and harmonic generator stages. 



SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE 





Polarity 


RF and IF 
Amplifiers, 


Low- Level 
Oscillators 
P q < 100 mW 


High- Level 
Oscillators 


Low-Level 


Frequency 


and 


Mixers and 


.1 W <P 0 < 2W 


Wide- Band 


Range 


Material 


Converters 




Amplifiers 






2N700 


2N700 


2N1141 


2N700 






2N700A 


2N700A 


2N1142 


2N 700A 






2N1141 


2N1141 


2N1143 


2N1141 






2N1142 


2N1142 


2N1195 


2N1142 






2N1143 


2N1143 


2N1561 


2N1143 






2N1195 


2N1195 


2N1562 


2N1195 






2N227 3 


2N2273 


2N1692 


2N2273 






2N2929 


2N2929 


2N1693 


2N2929 






2N3279 


2N3127 


2N2929 


2N3127 




PNP 


2N3280 


2N3279 




2N3279 




Ge 


2N3281 
2N3282 
2N3283 
2N3284 
2N3285 
2N3286 
2N3323 


2N3280 
2N3281 
2N3282 
2N3285 
2N3323 
2N3324 
2N3325 




2N3280 
2N3281 
2N3282 
2N3283 
2N3284 
2N3285 
2N3286 


2 Mc 




2N3324 






2N3323 


to 




2N3325 






2N3324 


70 Mc 










2N3325 






2N918 


2N918 


2N2949 


2N918 






2N3287 


2N3287 


2N2951 


2N3287 




NPN 


2N3288 


2N3288 


2N2952 


2N3288 




Si 


2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 


2N3289 
2N3290 
2N3293 
2N3298 


2N3309A 


2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 






2N3250 


2N3250 




2N3307 




PNP 


2N3251 


2N3251 




2N3308 




Si 


2N3307 
2N3308 


2N3307 
2N3308 
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RF Transistors 



SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE (continued) 



Frequency 
Range 


Polarity 

and 
Material 


RF and IF 
Amplifiers, 
Mixers and 
Converters 


Low-Level 
Oscillators 
P Q < 100 mW 


High-Level 
Oscillators 
.l W <P o < 2W 


Low-Level 
Wide- Band 
Amplifiers 


70 Mc 
to 
400 Mc 


PNP 
Ge 


2N1141 
2N1142 
2N1143 
2N1195 
2N2273 
2N2929 
2N3279 
2N3280 
2N3281 
2N3282 
2N3283 
2N3284 
2N3285 
2N3286 
2N3323 
2N3783 
2N3784 
2N3785 
MM2503 


2N700 
2N700A 
2N1141 
2N1142 
2N1143 
2N1195 
2N2929 
2N3127 
2N3279 
2N3280 
2N3281 
2N3282 
2N3285 
2N3323 
2N3783 
2N3784 
2N3785 
MM2503 


2N1141 
2N1142 
2N1143 
2N1195 
2N1561 
2N1562 
2N1692 
2N1693 
2N2929 


2N1141 
2N1142 
2N1143 
2N1195 
2N2929 
2N3127 
2N3279 
2N3280 
2N3281 
2N3282 
2N3783 
2N3784 
2N3785 
MM2503 




NPN 
Si 


2N918 
2N3287 
2N3288 
2N3289 
2N3290 
2N3291 
2N3292 
2N3293 
2N3294 


2N918 
2N3287 
2N3288 
2N3289 
2N3290 
2N3293 
2N3298 


2N2949 
2N2951 
2N3137 
2N3309A 


2N918 
2N3287 
2N3288 
2N3289 
2N3290 




PNP 

Si 


2N3307 
2N3308 


2N3307 
2N3308 




2N3307 
2N3308 


400 Mc 
to 


NPN 
Si 


2N918 

2N3287 

2N3288 

2N3289 

2N3290 

2N3291 

2N3292 

2N3293 

2N3294 

2N3544 


2N918 
2N3287 
2N3288 
2N3289 
2N3290 
2N3293 
2N3544 


2N3309A 


2N918 


1 Gc 


PNP 
Si 


2N3307 
2N3308 


2N3307 
2N3308 





2N3307 
2N3308 




PNP 
Ge 


2N3783 
2N3784 
2N3785 
MM2503 


2N3783 
2N3784 
2N3785 
MM2503 




2N3783 
2N3784 
2N3785 
MM2503 




NPN 

Si 






2N3309A 
2N3664 




1 Gc 
Up 


PNP 
Ge 


2N3783 
2N3784 
2N3785 


2N3783 
2N3784 
2N3785 




2N3783 
2N3784 
2N3785 
MM2503 



> 
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RF Transistors 



LARGE SIGNAL RF APPLICATIONS SELECTOR GUIDE 





Polarity 

and 
Material 


Power Amplifier Transistors 


Frequency 
Range 


P < 1W 

0 


1W< P < 5W 

0 


5W < P < 15W 

0 


15W< P < 50W 

0 


30 Mc 
to 

100 Mc 


NPN 
Si 


2N2949 
2N2951 
2N3295 
2N3298 
2N3309A 


2N2949 

2N2950 

2N3296 

2N3309A 

2N3664 

2N3553 


2N2947 
2N2948 
2N3297 
2N3961 
2N3632 
2N3925 
2N3927 
2N3375 


2N2947 
2N3632 
2N3927 


100 Mc 
to 

400 Mc 


NPN 
Si 


2N3137 

2N3866 

2N3309A 

2N4072 

2N4073 


2N3309A 

2N3553 

2N3664 

2N3961 

2N3375 

2N3924 

2N3925 

2N3866 


2N3375 
2N3632 
2N3926 
2N3927 


2N3632 
2N3927 


400 Mc 
Up 


NPN 
Si 


2N3309A 
2N3866 
2N4072 
2N4073 


2N3309A 

2N3664 

2N3866 

2N3961 

2N3375 

2N4012 


2N3632 
2N3927 





Var actors 


Frequency 
Range 


2W< P < 20W 

0 


20W< P < 100W 

0 


50 Mc 
to 

300 Mc 


1N4386 
1N4387 
1N4388 


1N4386 
1N4387 


300 Mc 
to 

1000 Mc 


1N4387 
1N4388 
1N5149 


1N5150 


1000 Mc 
to 

2000 Mc 


1N5149 
1N4388 
1N5151 
1N5152 
1N5153 


1N5150 


2 Gc Up 


1N5151 
1N5152 
1N5153 
1N5154 
1N5155 
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RF Transistors 

ADDITIONS AND MODIFICATIONS 



9-7 



RF Transisiors 

ADDITIONS AND MODIFICATIONS 
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RF Transistors 



2n7®0, Ik (GERMANIUM) 
2N700A USA/JAN 



Vcbo = 25 V 

G e = 20db @70 Mc 

NF= 10 db @ 70 Mc 




PNP germanium mesa transistors for oscillator, 
frequency multiplier, wide- band mixer and wide- band 
amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


25 


Vdc 


Collector-Emitter Voltage 
2N700 
2N700A 


v CEO 


20 
25 


Vdc 


Emitter-Base Voltage 


v E b 


0.2 


Vdc 


Collector DC Current 


*c 


50 


mAdc 


Junction Temperature 


t j 


100 


°C 


Storage Temperature 


T stg 


-65 to +100 


°C 


Total Device Dissipation 
at 25°C Ambient 
(Derate 1 mW/°C above 25°C) 


P D 


75 


mW 
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RF Transistors 

2N700,A (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Sym 


Test Conditions 


Types 


Min 


Typ 


Max 


Unit 


Collector-Base 
Breakdown Voltage 


BV CBO 


I c = 100/iAdc, I E = 0 


All Types 


25 


32 




Vdc 


Collector- Emitter 
Breakdown Voltage 


BVcEO 


I c = 100 /lAdc, I B = 0 


2N700 
2N700A 


20 
25 


— 


— 


Vdc 


Emitter-Base 
Breakdown Voltage 


BVggQ 


I E = 100 uAdc, I c = 0 


All Types 


0.2 


0.5 




Vdc 


Collector Cutoff 
Current 


X CBO 


V CB = 6 Vdc, I E = 0 

V CB = 6 Vdc ' *E = °' T A = 85 ° C 


All Types 

2N700 
2N700A 


— 
— 


0.4 

60 


2 

150 
50 


/iAdc 


omd.11 signal 
Forward Current 
Transfer Ratio 


n fe 


I E = 2 mAdc, V CE = 6 Vdc, f = 1 kc 
I E = 5 mAdc, V^ E = 6 Vdc, f = 1 kc 
I E = 2 mAdc, V CE = 6 Vdc, f = 200 mc 


All Types 

2N700A 

2N700 
2N700A 


4 

2.5 
5 


10 
7 


50 


db 
db 


Input Impedance 


h ib 


I E = 2 mAdc, V CB = 6 Vdc, f = 1 kc 


All Types 




17 


30 


Ohms 


Base Resistance 


r b 


I E = 2 mAdc, V CB = 6 Vdc, f = 300 mc 


All Types 




55 


100 


Ohms 


Collector-Base 
Output Capacitance 
(case grounded) 


C 0 b 


V CB = 6 Vdc, I E = 0, f = 100 kc 


2N700 
2N700A 




1.1 


1.5 
1.4 


pf 


Power Gain 


G e 


I E = 2 mAdc, V CB = 6 Vdc, f = 70 mc 
(neutralized) 


2N700 
2N700A 


20 
22 


23 




db 


Noise Figure 


NF 


All Types 




6 


10 


db 


Power Gain 


G e 


I E = 2 mAdc, V CB = 6 Vdc, f = 30 mc 
(neutralized) 


2N700A 


26 
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RF Transistors 

2N707, A (SILICON) 



fmax = 600Mc 

P 0 = 200-400 mW Min @ 100 Mc 




NPN silicon epitaxial mesa transistors for VHF 
oscillator and class C amplifier applications. 

Collector connected to case 



(TO- 18) 

MAXIMUM RATINGS 



Characteristic 


Symbol 


2N707 


2N707A 


Unit 


Collector-Emitter Voltage 


v 

v CEO 




40 


Vdc 


Collector-Emitter Voltage 
(R BE < 10 ohms) 


v 

V CER 


28 




Vdc 


Collector -Base Voltage 


V CB 


56 


70 


Vdc 


Emitter -Base Voltage 


v 

EB 


4 


5 


Vdc 


Total Device Dissipation @ = 25°C 


P D 


0.3 


0.5 


Watt 


Derate above 25°c 




2 


3.33 


mW/°C 


Total Device Dissipation @ T c = 25°C 


P D 


1.0 


1.2 


Watts 


Derate above 25°C 




6. 67 


8 


mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +175 


°C 



50 n 

Input 



7-45 : 
Pf 



180 pf 



2N707 (Note ll 
2N707A V ) 



RFC 
1.8uh 



(Note 3) 

0.01 
uf 



0.01 



J_ 50Q 



510 Q 
2 W 



1.5 K 
— WV— 



-±r 0-25 Vdc 

5 turns #14 wire wound on 
1/2" diameter. 

2 turns #14 wire wound on L 



0.001 nf 



3:1 
Air 
Core 



4-30J^ 

Pf 



(Note 2) 

-VsAr- 



.01 uf 



0+v cc 

Note 
Note 
Note 



50 fl 
Output 



1 Heat sink is required. 

2 Adjust for Class C operation. 

3 Very High conductance silicon 
diode . 



Note 4 Adjust V cc for proper V CE 



FIGURE 1 — 100 MC, CLASS C, COMMON BASE AMPLIFIER 
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RF Transistors 



2N707,A (continued) 



ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 

a c = 20 mAdc, I B = 0) 2N707A 


BV CEO* 


40 






Vdc 


Collector-Emitter Breakdown Voltage 

(l c = 10 mAdc, R BE = 10 ohms) 2N707 


BV CER 


28 






Vdc 


Collector-Base Breakdown Voltage 

(I = 10 A/Adc, I„ = 0) 2N707 
u 2N707A 


BV CBO 


56 
70 






Vdc 


Emitter-Base Breakdown Voltage 

tf E = 100 /iAdc, I c = 0) 2N707A 


BV EBO 


5 






Vdc 


Collector Cutoff Current 

(V CB = 15 Vdc, I E = 0) 2N707 

(V CB = 15 Vdc, I E = 0, T A = 150°C) 2N707 

(V nn = 30 Vdc, U = 0) 2N707A 
UB E 

(V CB = 30 Vtlc, I E =0, T A = 150°C) 2N707A 


^BO 




0. 005 
3.0 
0.01 
5.0 


5.0 

1.0 

100 


^xAdc 


Emitter Cutoff Current 

(V BE = 4 Vdc, I c = 0) 2N707 

(V BE = 5 Vdc, I c ="0) 2N707A 


X EBO 






10 
100 


H Adc 


ON CHARACTERISTICS 


DC Current Gain 

a n = 10 mAdc, V nT? = 1 Vdc) 2N707 
U U£j 2N707A 


h FE 


9 
9 


12 


50 




Collector Saturation Voltage 
(X c = 10 mAdc, I B = 1 mAdc) 


V CE(sat) 




0. 18 


0.6 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V BE(sat) 




0.75 


0.9 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1 E = 15 mAdc, V CE = 10 Vdc) 




70 


350 




MHz 


Maximum Frequency of Oscillation 


*max 




600 




MHz 


Output Capacitance 

(V CB = 10 Vdc, I E = 0) 2N707 

(V CB = 5 Vdc, I E = 0) 2N707A 


C ob 




4.0 
4.0 


10.0 
6.0 


PF 


Collector-Base Time Constant 

a c = 10 mAdc, V CB = 10 Vdc, f = 4 MHz) 






80 




ps 


FUNCTIONAL TEST 


Power Output (Figure 1) 

(V CE = 20 Vdc, P. n = 50 mW) All Types 

(V CE = 40 Vdc, P = 175 mW) 2N707A 


p 

out 


200 
400 


300 




mW 


. 100-MHz Oscillator Efficiency 
(V CE = 28 Vdc, I c = 40 mAdc) 






38 




% 



♦Pulse Test 300 us, 2% duty cycle 
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RF Transistors 



2n741,A (GERMANIUM) 



Vcbo=15-20V 

G e = 16db@30 Mc 

NF = 7db@30Mc 



CASE 22 

(TO- 18) 




PNP germanium mesa transistors for oscillator, 
frequency multiplier and amplifier applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N741 


2N741A 


Unit 


Collector-Emitter Voltage 


V 

V CE 


15 


20 


Vdc 


Collector- Base Voltage 


V CB 


15 


20 


Vdc 


Emitter-Base Voltage 


v 

EB 


UO 


Vdc 


Collector Current 


*C 


100 


mAdc 


Total Device Dissipation @ = 25°C 
Derate above 25 C 


P D 


150 
2 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


300 
4 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T T 
J> stg 


-65 to +100 


°C 
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RF Transistors 

2N741,A (continued) 



ELECTRICAL CHARACTERISTICS (at25°C unless otherwise specified) 



Characteristic 


Symbol 


A/lin 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 

(U = 100 nAdc, I„ = 0) 2N741 
U E 2N741A 


BV CBO 


15 
20 






Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 ^Adc, I c = 0) 


BV EBO 


1.0 






Vdc 


Collector Cutoff Current 

(V CE = 15 Vdc, V BE = 0) 2N741 

(V CE = 20 Vdc, V fiE = 0) 2N741A 


! CES 






100 
100 


fxAdc 


Collector Cutoff Current 
( V CB =6Vdc ' I E =0) 


X CBO 




0.2 


3 


liAdc 



ON CHARACTERISTICS 



DC Current Gain 


h FE 










(I c = 5 mAdc, V CE = 6 Vdc) 


10 


25 







DYNAMIC CHARACTERISTICS 



Current-Gain — Bandwidth Product 

(L. = 5 mAdc, V_ n = 6 Vdc, f = 100 MHz) 2N741 
* ^ 2N741A 




300 


360 
360 


- 


MHz 


Output Capacitance 

(V CB = 6 Vdc, I E = 0, f = 100 kHz) 


C ob 




6 


10 


pF 


Collector Capacitance 

(V CB = 6 Vdc, I E = 0, f = 100 kHz) 


C c 




3 




PF 


Small-Signal Current Gain 

fl c = 5 mAdc, V CE = 6 Vdc, f = 1 kHz) 


h, 
fe 


20 








Output Admittance 

a E = 5 mAdc, V CB = 6 Vdc, f = 1 kHz) 






45 




pmhos 


Input Impedance 

a E = 5 mAdc, V CB = 6 Vdc, f = 1 kHz) 


h ib 




8 


15 


Ohms 


Base Resistance 

(Lj, = 5 mAdc, V nji = 6 Vdc, f = 300 MHz) 2N741 
* CtJ 2N741A 


r 'b 




75 
65 




Ohms 


Noise Figure 

a E = 5 mAdc, V CB = 6 Vdc, f = 30 MHz) 


NF 




7 




dB 


Power Gain> Matched, Neutralized 

(V CB = 6 Vdc, I E = 5 mAdc, f = 30 MHz) 


G pe 


16 


22 




dB 


Power Output 

fl c = 60 mAdc, V CB = 6 Vdc, 

G = 8 dB, f = 30 MHz) 
pe 


P . 

out 




200 
250 




mW 


Power Output 

fl c = 60 mAdc, V CB = 6 Vdc, 

G = 5 dB, f = 70 MHz) 
pe 


p . 

out 




200 




mW 
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RF Transistors 



G e =15db@200Mc 
NF = 6 db @ 60 Mc max 
P 0 = 30 mW @ 500 Mc min 

ansistor for ultra- high fre- 
lifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

V CBO 


30 


Volts 


Collector-Emitter Voltage 


v 

V CEO 


15 


Volts 


Emitter- Base Voltage 


v 

v EBO 


3.0 


Volts 


Total Dissipation at 25°C Case Temperature 

at 25°C Ambient Temperature 


P D 


0.3 
0.2 


Watt 
Watt 


Operating Junction Temperature 


T J 


+200 


°C 


Storage Temperature 


T stg 


-65 to +300 


°c 



ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector Cutoff Current 


! CBO 


V CB =15V, l E -0 

V Cfi = 15V, 150 C, I E =0 




- 


10 
1.0 


nA 


Collector-Base Breakdown Voltage. 


CBO 


I„ = 1.0 jiA, I_ = 0 
C E 


30 






Volts 


Emitter-Base Breakdown Voltage 


BV EBO 


i c -ioma,i c -o 


3 


- 


- 


Volts 


Collector-Emitter Voltage 


EV CEO 


1^,- 3 mA 










DC Current Gain 


h FE 


V CE = 1.0 V, I c = 3.0 mA 


20 


50 






Collector-Emitter Saturation Voltage 


V CE(sat) 


I c = 10 mA, I B = 1.0 mA 






0.4 


Volt 


Base-Emitter Saturation Voltage 


V BE(sat) 


I c = 10 mA, I B = 1.0 mA 






1.0 


Volt 


Output Capacitance 


C ob 


v CB =iov 

I £ = 0.f=140kc 

V CB = °' £ " 140 kc 
J E =0 






1.7 
3.0 


Pt 
Pi 


Input Capacitance 


C ib 


V EB = °- 5V 
i c =0 






2.0 


Pi 


Small Signal Current Gain 


h fe 


I c =4.0 mA 

v CE -iov 

f = 100 mc 


6.0 


9.0 






Amplifier Power Gain 


G e 


I c = 6. 0 mA 

V CB =12V 
f = 200 mc 

r g =R L= son 


15 






db 


Power Output 


P 

*out 


I c = 8. 0 mA 
V CB ^15V 
f = 500 mc 


30 






mW 


Collector Efficiency 


eff 


V CB =15V 

f = 500 mc 
I c = 8. 0 mA 


25 






% 


Noise Figure 


NF 


I c =1.0 mA 

V CE =6.0V 

f = 60 mc 
R G = 400 n 




3 


6 


db 



2n918 (SILICON) 



NPN silicon annular tr 
CASE 20 ^ quency oscillator and amp] 
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RF Transistors 



2Nl 141 thru 2Nl 143 (GERMANIUM) 
2N1142 USN/JAN 

2n1195 

2N1195 JAN 




PNP germanium mesa transistors for amplifier, 
driver, oscillator and doubler applications. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1141 


2N1142 


2N1143 


2N1195 


Unit 


Collector-Base Voltage 


v 

V CB 


35 


30 


25 


30 


Vdc 


Emitter-Base Voltage 


v 

EB 


1.0 


0.7 


0.5 


1.0 


Vdc 


Collector Current -Continuous 


l c 


100 


100 


100 


40 


mAdc 


Base Current 




50 


50 


50 




mAdc 


Emitter Current-Continuous 




100 


100 


100 




mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


300 
4 


300 
4 


300 
4 




mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


750 
10 


750 
10 


750 
10 




mW 
mW/°C 


Collector Dissipation @ T A = 25°C 
Derate above 25°C 


p c 








225 
3 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +100 


°C 



G e = 25db @ 70 Mc 
NF = 4-5db @ 100 Mc 
P D = 300 mW 
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RF Transistors 

2N1141-2M1143, 2N1195 (continued) 



TRANSISTOR SELECTION CHART 



TYPE 


Minimum BV CBO 
@l c = — 1C0/i Adc p l E = 0 


Typical lOOmc Noise Figure 
@ V CE = — lOVdc, l E = 1mAdc 
R s = 75^2 


Minimum h f . 
@l c = — 10m Adc, V CE = 
— 10Vdc f f = 1C0mc 




35Vdc 


30 Vdc 


25 Vdc 


4.0 db 


4.5 db 


5.0 db 


12 db 


10 db 


8 db 


2N1141 














if 






2N1142 




if 












if 




2N1143 












if 






if 


2N1195 








V* 3 













ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 

OU = 100 Mdc, I„ = 0) 2N1141 
U * 2N1142 
2N1143 
2N1195 


BV CBO 


35 
30 
25 
30 


45 
45 
45 
45 




Vdc 


Emitter-Base Breakdown Voltage 

(I = 100 Mdc, l n = 0) 2N1141 
U 2N1142 
2N1143 
2N1195 


BV EBO 


1.0 
0.7 
0.5 
1.0 


1.3 
1.3 
1.3 
1.3 




Vdc 


Collector Cutoff Current 
(V CB = 15 Vdc, I E = 0) 

(V CB = 20 Vdc, I E = 0) 


^BO 




0.5 
0.5 


5 
5 


fiAdc 


Emitter Cutoff Current 
(V BE =0.5Vdc, I c =0) 


^BO 




0.2 




jt/Adc 


ON CHARACTERISTICS 


DC Current Gain 

a c = 10 mAdc, V CE = 10 Vdc) 2N1141, 2N1142, 2N1143 

(I c = 10 mAdc, V CE = 10 Vdc) 2N1195 


h FE 


10 


25 
25 






Collector-Emitter Saturation Voltage 

(I c = 50 mAdc, I B = 10 mAdc) 2N1141, 2N1142, 2N1143 

a c = 50 mAdc, I B = 10 mAdc) 2N1195 


V CE(sat) 




0. 185 
0. 185 


2 


Vdc 
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RF Transistors 

2N1141-2N1143, 2N1195 (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DYNAMIC CHARACTERISTICS 


Common-Base Cutoff Frequency 

fl c = 10 mAdc, V CE = 10 Vdc) All Types 




- 


1000 


- 


MHz 


Collector Transition Capacitance 

(\T — Ifl \Tr\r> T — fl -f — 1 lMWrrN 9M1 1/11 
1»/-i-d ~ VUC, 1— — U, I — 1 IVlriZJ ZJN1J.41 

2N1142,2N1143,2NU95 


C TC 


- 


1. 1 

1.1 


1. 5 


pF 


Emitter Transition Capacitance 

(V BE = 0. 5 Vdc, I c = 0, £ = 1 MHz) All Types 


C Te 




2.5 




PF 


Small-Signal Current Gain 

(I c = 10 mAdc, V pF = 10 Vdc, f = 100 MHz) 

2N1141,2N1195 

2N1142 

2N1143 


h te 


12 
10 

8 


18 
18 
18 


- 


dB 


Small-Signal Current Gain 

(I c = 10 mAdc, V pR = 10 Vdc, f = 1 kHz) 

2N1141,2N1142,2N1143 
2N1195 


h fb 


0. 96 


0. 98 
0. 98 


0.995 


- 


Output Admittance 

a c = 10 mAdc, V rR = 10 Vdc, f = 1 kHz) 

2N1141,2N1142,2N1143 
2N1195 


h ob 


- 


10 
10 


20 


/imhos 


Input Impedance 

(U = 10 mAdc, V pR = 10 Vdc, f = 1 kHz) 

2N1141,2N1142,2N1143 
2N1195 


\ h ib 




3.6 
3.6 


10 


Ohms 


Voltage Feedback Ratio 

(I c = 10 mAdc, V CB = 10 Vdc, f = 1 kHz) 

2N1141, 2N1142, 2N1143 
2N1195 


h , 
rb 




0.0013 
0.0013 


0.003 


- 


Collector -Base Time Constant 

(U = 3 mAdc, V rn = 10 Vdc, f = 30 MHz) 
* ^ a All Types 


r b C c 




23 




ps 


Extrinsic Base Resistance 

(I r = 10 mAdc, V^-. = 10 Vdc, f = 250 MHz) 
C CE 2N1141 
2N1142 
2N1143 
2N1195 






65 
80 
110 
65 


70 
80 


Ohms 


Collector Series Resistance 

a E = 10 mAdc, V CB = 10 Vdc) All Types 


r f 
c 


_ 


2 




Ohms 


Noise Figure 

(I„ = 0. 8 mAdc, V nj? = 5 Vdc, R Q = 300 ohms, f =4.5 MHz) 
* Utj b 2N1141,2N1195 
2N1142 
2N1143 


NF 


- 


3.0 
3.5 
4.0 


- 


dB 


(1_ = l mAdc V-, = 10 Vdc R =75 ohms f = 100 MHz) 
E CE ' S 2Nn41 ' 

2N1142,2N1195 
2N1143 






4.0 
4.5 
5.0 






(I„ = 1 mAdc, V r „ = 10 Vdc, R Q = 50 ohms, f = 200 MHz) 
E CE S 2N1141 

2N1142,2N1195 
2N1143 






5.5 
6.0 
6.5 






Oscillator Efficiency 

(V p „ = 20 Vdc, I n = 10 mAdc, f = 400 MHz) 
^ C 2N1141 
2N1142 
2N1143 
2N1195 


V 




20 
18 
12 
18 




% 
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RF Transistors 



2N1 141-2N1143, 2N1195 (continued) 



POWER-TEMPERATURE 
DERATING CURVE 



COLLECTOR CHARACTERISTICS, 
COMMON EMITTER 




-65 0 25 50 75 100 
T*. AMBIENT TEMPERATURE (°C) 




0 5 10 15 20 25 30 40 50 
COLLECTOR-EMITTER VOLTAGE (Vdc) 



BASE CHARACTERISTICS, 
COMMON EMITTER 



COLLECTOR CUTOFF CURRENT 
versus JUNCTION TEMPERATURE 




20 

_ 10 
"f 5 0 
5 2.0 
1 1.0 

o 

it 0.5 

o 

3 0.2 

I oi 

3 0.05 
o 

I 0 - 02 

~ 0.01 



0.40 0.45 0.50 0.55 0.60 0.65 0.70 
V., BASE-EMITTER VOLTAGE (Vdc) 



0.005 
-75 



1 1 1 








V 




-ma 


c 

















































































































































































-50 -25 0 25 50 75 100 
Tj, JUNCTION TEMPERATURE ( 0 C) 



COLLECTOR SATURATION 
CHARACTERISTICS 



COLLECTOR INPUT AND OUTPUT CAPACITANCE 
versus VOLTAGE 



i 80 
S 

I 60 
o 

§ 40 
o 

20 



1 1 












T A 


= 25°C 

1 














lOmAdc-^ 
8 mAdc 
6 mAdc-^ 














4mA 


*•< 






= 2n 


Adc 









































0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 
Vc*-„ COLLECTOR SATURATION VOLTAGE (Vdc) 











Jlc, 






TTTTT 
T A — 
f = 


I 1 

25°C 
00 kc 


























































































































































































r 



























0.1 0.2 0.5 1.0 2 5 10 20 50 
REVERSE BIAS VOLTAGE (VOLTS) 
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RF Transistors 

2N1141-2N1143, 2N1195 (continued) 



I 22 
20 
0 



POWER GAIN AND NOISE FIGURE 
versus COLLECTOR-BASE VOLTAGE 



■ POWER GAIN vs. V„ 
l c = 10 mAdc 



NOISE FIGURE vs. Vc, 
I, = 10 mAdc 



- 70 MC NEUTRALIZED & MATCHED- 

T A = 25°C | | 
J L 



4 6 8 10 12 
Vc COLLECTOR BASE VOLTAGE (Vdc) 



14 16 



26 
224 

I 22 
20 



POWER GAIN AND NOISE FIGURE 
versus EMITTER CURRENT 





















POWER 

Vc = 


GAINvs 
-10 Vc 


1, 












c 
























"~"no? 

Vc 


jEFIGUR 
. = -1 


E vs. 1, 
OVdc 














70 MC NEUTRALIZ 
T A = 25°C 


ID & MA 


CHED 



4 6 8 10 12 14 16 
l E , EMITTER CURRENT (mAdc) 



COMMON EMITTER POWER GAIN, fie, AND NOISE FIGURE 
versus FREQUENCY 




1 2 5 10 20 50 100 200 

FREQUENCY (MC) 



SMALL SIGNAL CURRENT GAIN flif,) 
versus COLLECTOR CURRENT 




4 6 8 10 12 14 
lc, COLLECTOR CURRENT (mAdc) 



^ 1.0 
0.9 



NORMALIZED h FE 
versus AMBIENT TEMPERATURE 



1 

h„ NORMALIZED TO 
Vc« = — lOVdc 


25°C 










lc = - 


10 mAdc 























































-50 -25 0 25 50 75 100 
T A , AMBIENT TEMPERATURE (°C) 
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RF Transistors 



2N 1 56 1 (GERMANIUM) G * = 5 " 6 db @ 1 60 Me 

,_. 0 P„ = 0.4-0.5W@ 160Mc 

2N IDOZ 

2n1692 
2N 1693 

PNP germanium mesa transistors for VHF power 
amplifier applications. 

Collector connected to case; 
stud isolated from case 

CASE 23 CASE 24 

2N1561 (TO-102) 




2N1562 



2N1692 
2N1693 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N1561 


2N1562 


2N1692 


2N1693 


Unit 


Collector-Emitter Voltage 


v 

V CE 


25 


25 


25 


25 


Vdc 


Collector-Base Voltage 


v 

V CB 


25 


25 


25 


25 


Vdc 


Emitter -Base Voltage* 


V * 
EB 


3 


2 


3 


2 


Vdc 


Collector Current-Continuous 
Peak 


l c 


250 
500 


250 
500 


250 
500 


250 
500 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


250 
3.33 


250 
3.33 


350 
4.67 


350 
4. 67 


Watts 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


3 

40 


3 

40 


3 

40 


3 

40 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to 100 


°C 



*May be exceeded provided total rated device dissipation 
POWER GAIN versus FREQUENCY 



is not exceeded. 

SAFE OPERATING AREA 











P„ - 450mW j 2N1593 

P. = 550mW[ 2N16g2 
V CE = -15VDC 




















5°C 






2N15 
2N16 


33 \ 


I 2N 


1692 
































— II 















600 




70 100 150 200 
FREQUENCY (MEGACYCLES) 



0 5 10 15 20 25 
V CB , COLLECTOR-BASE VOLTAGE (VOLTS) 
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RF Transistors — 

2N1561, 2N1562, 2N1692, 2N1693 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


A/lin 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(t c =100Mdc, V BE =0) 


BV CES 


25 






Vdc 


Collector -Base Breakdown Voltage 
(E Q = 100/iAdc, I E = 0) 


BV CBO 


25 






Adc 


Collector Cutoff Current 
(V CB = 10 Vdc, I E = 0) 


'cBO 




1.5 


10 


fiAdc 


Emitter Cutoff Current 

(V BE = 0. 4 Vdc, I c = 0) 2N1562, 2N1693 

(V BE = 1. 0 Vdc, I c = 0) 2N1561, 2N1692 


'ebo 




5.0 
5*0 




mAdc 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 

fl c = 200 mAdc, I B = 40 mAdc) 2N1561, 2N1692 

a c = 200 mAdc, l Q = 40 mAdc) 2N1562,2N1693 


V CE(sat) 






3.0 
4>0 


Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

tf c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 2N1561,2N1692 

(L Q = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 2N1562, 2N1693 


f T 




500 
450 




MHz 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


C ob 




7 


10 


pF 


Small-Signal Current Gain 

CU = 50 mAdc, V p „ = 10 Vdc, f = 160 MHz) 2N1561, 2N1692 
^ 2N1562,2N1693 


h fe 




10 

9 




dB 


Extrinsic Base Resistance 

(I E = 20 mAdc, V CB = 10 Vdc, f = 300 MHz) 


r b 




25 




Ohms 


FUNCTIONAL TEST 


Power Gain 

tf c = 100 mAdc, V CE = 15 Vdc, P Qut = 0. 5 W, f = 160 MHz) 

U 2N1561,2N1692 
tf r = 100 mAdc, V r „ = 15 Vdc, P = 0. 4 W, f = 160 MHz) 
^ ^ 0Ut 2N1562,2N1693 




6 
5 






dB 


Power Output 

(I c = 100 mAdc, V CE = 15 Vdc, P- n = 125 mW, f = 160 MHz) 

2N1561,2N1692 
2N1562,2N1693 


P . 

out 


0.5 
0.4 






Watt 
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RF Transistors 

2N1561, 2N1562 f 2N1692, 2N1693 (continued) 




POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus POWER IN 

2N1561/2N1692 2N1562/2N1693 




P ln , POWER IN (mW) P ln , POWER IN (mW) 
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RF Transistors 



2 N 2273 (GERMANIUM) 

JAN 2N2273 



CASE 22 

(TO-18) 




Collector connected to case 




f T = 250 mc min 
l c = 100 mA 
P D = 150 mW @ 
25°C Ambient 



High-frequency germanium PNP transistor, de- 
signed for military and high- reliability industrial as 
well as commercial VHF amplifier applications. 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V 


25 


Volts 


Collector- Emitter Voltage 


v 

V CES 


25 


Volts 


Collector-Emitter Voltage 


V CEO 


15 


Volts 


Emitter -Base Voltage 


v 

v EBO 


1.0 


Volt 


Collector Current 


l C 


100 


mA 


Total Device Dissipation® T. = 25°C 
Derate above 25 °C 


P D 


150 
2 


mW 
mW/°C 


Junction Operating & Storage 
Temperature Range 


T J' T st K 


-65 to +100 


°C 



TABLE I — GROUP A INSPECTION (Ta = 25°C unless otherwise noted) 
BOTH TYPES ( LTPD applies to JAN 2N2273 only ) 





MIL-STD-750 




Limits 








Examination or Test 


Method 


Symbol 


Min 


Max 


Unit 


LTPD 


SUBGROUP 1 
















Visual and Mechanical Examination 


2071 










5 




SUBGROUP 2 
















Collector-Base Cutoff Current 
(V CB = -12 Vdc, I E = 0) 


3036 
Condition D 


: CBO 




-10 


/utAdc 






Collector- Base Breakdown Voltage 
(I c = -100 M Adc, I E = 0) 


3001 
Condition D 


BV CBO 


-25 




Vdc 






Emitter-Base Breakdown Voltage 
(I E = -lOOjuAdc, I c = 0) 


3026 
Condition D 


BV EBO 


-1.0 




Vdc 




► 5 


Forward Current Transfer Ratio* 
(I c = -1 mAdc, V CE = -10 Vdc) 


3076 


h FE* 


20 


75 








Collector -Emitter Breakdown Voltage 
(I c = -200/iAdc, V BE = 0) 


3011 
Condition C 


BV CES 


-25 




Vdc 






Small-Signal Forward Current Transfer Ratio 
(I c = -1 mAdc, V CE = -6 Vdc, f = 10 mc) 


3306 


h fe 


20 


28 


(db) 
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RF Transistors 

2N2273 (continued) 



TABLE I — GROUP A INSPECTION (continued) 





MIL-STD-750 




Limits 








Examination or Test 


Method 


Symbol 


Min 


Max 


Unit 


LTPD 


SUBGROUP 3 

Output Capacitance 

(V nvi = -10 Vdc, I„ = 0, f = 1 mc) 
CB ' E ' 


3236 


C ob 




3.5 




> 




Base Spreading Resistance 

(I c = -1 mAdc, V CE = -10 Vdc, f = 250 mc) 

Small-Signal Forward Current Transfer Ratio* 
(I c = -1 mAdc, V CE = -6 Vdc, f = 100 mc) 


3266 
3306 


V 

fe 


2.5 


250 


ohms 




► 10 


Noise Figure* 

(V CB = -10 Vdc, I c = -1 mAdc, 

f = 10 mc, R Q = 50 ohms) 


3246 


NF* 




12 


db 


j 





STANDARD UNIT ONLY 



Emitter-Base Leakage Current 
(V EB = -0. 5 Vdc, I c = 0) 


X EBO 




-100 


jLtAdc 




Collector -Emitter Breakdown Voltage 
(I c = -100 /iAdc, I E =0) 


BV CEO 


-15 




Vdc 




Forward Current Transfer Ratio 
(I c = -1 mAdc, V CE = -10 Vdc) 


h FE 


20 


150 






Real Part of Small-Signal Short- Circuit Input Impedance 
(V CE = -10 Vdc, I c = -1 mAdc, f = 250 mc) 


Re(h. e ) 


50 


250 


ohms 




Power Gain (See Figure 1) 

(V CE = -9 Vdc, I c = -1 mAdc, f = 30 mc) 


G PE 


10 


30 


db 





* Applies to MIL unit only 



TABLE II — GROUP B INSPECTION — JAN 2N2273 only 
(Ta = 25°C unless otherwise noted) 





MIL-STD-750 




Limits 








Examination or Test 


Method 


Symbol 


Min 


Max 


Unit 


LTPD 


SUBGROUP 1 
















Physical Dimensions 


2066 












10 


SUBGROUP 2 












•> 




Solderability 


2026 














Temperature Cycling 


1051 














(T hi g h = 100 -o° c ; 10 c y cles > 


Condition B 












> 10 


Thermal Shock 
(Glass Strain) 


1056 
Condition A 














Moisture Resistance 


1021 














End Points: (Subgroups 2, 3, 5, 6, 7) 












> 




Collector -Base Cutoff Current 
(V CB = -12 Vdc, I E =0) 


3036 
Condition D 


^BO 




-20 


/iAdc 






DC Forward Current Transfer Ratio 
(I c = -1 mAdc, V CE = -10 Vdc) 


3076 


h FE 


15 
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RF Transistors • 



2N2273 (continued) 



TABLE II — GROUP B INSPECTION (continued) 





MIL-STD-750 




Limits 








Examination or Test 


Method 


Symbol 


Min 


Max 


Unit 


LTPD 


SUBGROUP 3 
















Shock 

(500 G, 1 msec, 5 blows each orientation: 

Y., Y 9 , X, and ZJ 
l i l i 


2016 
Nonoperating 


_ 


— 


— 







► 10 


Vibration, Variable Frequency 
(10 G) 


2056 












Constant Accelerating 
(10, 000 G) 


2006 




- 


- 








End Points: Same as Subgroup 2 
















SUBGROUP 4 
















Lead Fatigue (Note 1) 


2036 
Condition E 


— 






— 




10 


SUBGROUP 5 












*> 




High Temperature Operation (Note 2) 
















< T A = TO -0° C > 
















Collector -Base Cutoff Current 
(V CB = -12 Vdc, I E = 0) 

Low Temperature Operation (Note 2) 
(T A = -55±3°C) 


3036 


X CBO 
— 




-100 


ILtAdc 
— 




► 10 


Forward Current Transfer Ratio 
(V CE = -10 Vdc, I c = -1 mAdc) 


3076 




8 


— 


— 






Salt Atmosphere (Corrosion) 


1041 


— 


— 


- 


- 






End Points: Same as Subgroup 2 












j 




SUBGROUP 6 
















High Temperature Life 


1031 










x= io 


(T A = 100+j>°C) 


(Nonoperating) 














End Points: Same as Subgroup 2 
















SUBGROUP 7 
















Steady State Operation Life 


1026 












(V CB = -10 Vdc, P c = 60 mW, T A = 55*jJ°C) 
















End Points: Same as Subgroup 2 

















Note 1. Rejects from prior electrical tests from the same lot may be used for this test. 
Note 2. Test measurement shall be made after thermal equilibrium has been reached at 
the temperature specified. 

FIGURE 1 — 30 mc POWER GAIN TEST CIRCUIT 




•PRIMARY = 5V* TURNS, %" LONG 
SECONDARY = m TURNS 
NO. 22 WIRE, 0.0. = M" 

ALL RESISTANCE VALUES IN OHMS 
ALL CAPACITANCE VALUES IN PICOFARADS 
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2N2273 (continued) 



RF Transistors 
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RF Transistors 



2N 



2929 



(GERMANIUM) 



Vcbo = 25V 
G e = 26 db(5)60Mc 
NF = 5.5 db @200Mc 
P D = 300 mW 



CASE 31 

(TO-5) 




PNP germanium epitaxial mesa transistor for low 
noise, broadband, power and driver amplifier appli- 
cations. 

Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


-25 


Volts 


Collector-Emitter Voltage 


V CES 


-25 


Volts 


Collector-Emitter Voltage 


V CEO 


-10 


Volts 


Emitter-Base Voltage 


v EBO 


-0.75 


Volts 


Collector Current 




-100 


mA 


Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 


PD 


300 
4 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


750 
10 


mW 
mW/°C 


Junction Temperature 


T J 


100 


°C 


Storage Temperature 


T stg 


-65 to +100 


°c 
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2N2929 (Continued) 



RF Transistors 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Cwm 

jyui 


1 c5T V.UnUITIQI1S 


rViin 


Typ 


/YldX 


Hni* 

unii 


Collector-Base Breakdown Voltage 


BV CBO 


Iq =-100 /iAdc, I E = 0 


-25 


-45 




Vdr 


Collector-Emitter Breakdown Voltage 


BVcES 


IC =-100 fiAdc, V EB = 0 


-25 


-45 





Vdc 


Collector-Emitter Breakdown Voltage 


BV CEO 


1q =-10 mAdc, I B = 0 


-10 


-20 


- 


Vdc 


Emitter-Base Breakdown Voltage 




I £ =-1 mAdc, Iq = 0 


-0.75 


-1.5 




Vdc 


Collector Cutoff Current 


*CBO 


V CB =-10 Vdc, I E = 0 




-0.15 


-5 


/iAdc 






V rR =-10 Vdc, = 0, T» = + 55°C 






-50 




Emitter Cutoff Current 


EBO 


V EB =-0.5 Vdc, I c = 0 




-1 


-100 




DC Forward Current Transfer Ratio 


hpg 


V CE =-10 Vdc, Ic =-10 mAdc 


10 


30 


100 




Collector-Emitter Saturation Voltage 


v CE(sat) 


Iq =-50 mAdc, Ig =-10 mAdc 




-0.15 


-0.5 


Vdc 


Base-Emitter Saturation Voltage 


V BE(sat) 


I c =-50 mAdc, I B =-10 mAdc 


— 


-0.55 


-1.0 


Vdc 


Small-Signal Forward Current 
Transfer Ratio 


"fe 


Iq =-10 mAdc, V CE =-10 Vdc, f = 1 kc 


10 


35 


120 


— 


Current Gain - Bandwidth Product 


f r 


IC =-10 mAdc, V CE =-10 Vdc, f = 100 mc 


800 


1100 


1400 


mc 






IC =-20 mAdc, V CE =-10 Vdc, f = 100 mc 


1000 


1250 


1600 








I c = -40 mAdc, V CE =-10 Vdc, f = 100 mc 


700 


1200 






Collector-Base Time Constant 


V c c 


V CB = ~ 10 Vdc ' ! E =+20 mAdc > f = 31 - 8 mc 


10 


25 


40 


psec 


Real Part of Small-Signal Short 
Circuit Input Impedance 


Re(h. e ) 


I c =-10 mA,.V CE =-10 V, f = 1000 mc 




45 


75 


ohms 


Collector-Base Capacitance 


c ob 


V CB = " 10 vdc ' X E = °> f = 100 kc 




1.75 


2.5 




Power Gain 




V CE = " 10 Vdc ' ^ =-1 ° mAdc » £ = 60 mc 


26 


28 




db 






V CE =-10 Vdc, Ic =-10 mAdc, f = 200 mc 




16 






Noise Figure 


NF 


V CE =-10 Vdc, I c =-2 Adc, f = 200 mc 
R G = 50 fi 




5.5 




db 



NOISE FIGURE versus FREQUENCY 



MAXIMUM AVAILABLE GAIN versus FREQUENCY 




50 70 100 
f. FREQUENCY (mc) 



20 30 50 70 100 

f. FREQUENCY (mc) 



9-29 



RF Transistors • 



2n2947(silicon) 
2n2948 




G e = 10db@50Mc 
P 0 = 15W@50Mc 




NPN silicon annular transistors for power amplifier 
applications to 100 Mc. 



CASE 1 

(TO-3) 

Collector connected to case 



MAXIMUM RATINGS* 



Characteristic 


Symbol 


2N2947 


2N2948 


Unit 


Collector- Base Voltage 


V CBO 


60 


40 


Vdc 


Collector-Emitter Voltage 


V CES 


60 


40 


Vdc 


Emitter - Base Voltage 


V EB 


3 


2 


Vdc 


Collector- Current (continuous) 


l c 


1.5 


Adc 


Base- Current (continuous) 


*B 


500 


mAdc 


Power Input (Nominal) 


P. 
in 


5.0 


Watts 


Power Output (Nominal) 


P . 
out 


20.0 


Watts 


Total Device Dissipation 
@ 25° C Case Temperature 

Derating Factor above 25° C 


P D 


25.0 
167 


Watts 
mW/°C 


Junction Temperature 


T J 


175 


°C 


Storage Temperature 


T 


-65 to + 175 


°C 



*The maximum ratings as given for DC conditions can be 
exceeded on a pulse basis. See electrical characteristics. 
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2N2947 (Continued) 



RF Transistors 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector- Emitter 
Sustain Voltsgc 


V CES (sus) 


2N2947: I c = 0. 250 A, Rq E = 0 
2N2948-- I c = 0.250A, R BE = 0 


90 
80 


120 
100 




Volts 


Collector- Emitter- 


V CEO(sus) 


2N2947: I = 0. 250A, I B = 0 


40 




- 


Volts 


Open Base 
Sustain Voltage 


2N2948: I = 0.250A, I R = 0 


20 








Collector- Emitter 
Current 


*CES 


2N2947: V CE = 60 Vdc, V BE = 0 

V CE = 50Vdc, V BE = 0, T C = 175°C 

2N2948-- V CE = 40 Vdc, V BE = 0 

V =30 Vdc, V nn = 0, T„ = 175°C 
Y CE 'BE ' C 






0.5 
1.0 
0.5 
1.0 


mAdc 


Collector Cutoff 
Current 


X CBO 


2N2947: V CB = 50 Vdc, I £ = 0 
2N2948: V CB = 30 Vdc, I £ = 0 






1 
1 


MAdc 


Current 


T 

EBO 


IviiM'tl- V EB - o vac, i^, - u 
2N2948'- V EB = 2 Vdc, I c = 0 






100 




DC Current Gain 


FE 


2N2947: I c = 400 mAdc, V CE = 2Vdc 

2N2948: I c = 400 mAdc, V CE = 2 Vdc 

Both Types: I = 1 Adc, V„„ = 2 Vdc 
C Ltj 


2.5 
2.5 
2.5 


— 


35 

100 

" 




Collector- Emitter 
Saturation Voltage 


V CE(sat) 


I c = 1. 0 Adc, I B = 500 mAdc 






0.5 


Vdc 


Base-Emitter 
Saturation Voltage 


V BE(sat) 


I c = 1. 0 Adc, I B = 500 mAdc 






2.0 


Vdc 


AC Current Gain 


Ih fe l 


V CE = 2.0 Vdc, I = 400 mAdc, f = 50 mc 


2.0 








Collector Output 
Capacitance 


C ob 


V CB = 25 Vdc, I E =0, f = 100 kc 






60 


Pf 


Power Input 


P in 


P = 15 W, f = 50 mc, V„^ = 25 Vdc 
out ' ' CE 




2.0 


3.0 


Watts 


Efficiency 


rj 


W)- 1A 2N2947 


60 


80 




% 


Power Input 


Pin 


P out = 15 w » f = 30 mc > V CE = 25 Vdc 




2.0 


3.0 


Watts 


Efficiency 


1 


I n , m , Yl = 1.0A 2N2948 
C(max) 


60 


70 




% 



* Pulse Measurement: Pulse Width £ 100 fisec, Duty Cycle 
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RF Transistors • 



2N2947 (continued) 



POWER OUTPUT versus FREQUENCY 



OUTPUT CHARACTERISTICS versus POWER INPUT 



I 15 



S 10 




2N2948 
Pin = 3W 



V CE = 25V 
T c = 25°C 



\ 



\ 



-2N2947- 
3W 




40 60 80 100 200 300 

f. FREQUENCY (mc) 




0 0.5 1 1-5 2 2.5 3 3.5 
P, nl POWER INPUT (WATTS) 



POWER OUTPUT versus COLLECTOR VOLTAGE 



POWER OUTPUT versus POWER INPUT 





























2N2947 
Pi, = 3W 
f = 50 mc 
T c = 25"C 















5 10 15 20 

V ct , COLLECTOR-EMITTER VOLTAGE (VOLTS) 




2 3 
P,„, POWER INPUT (WATTS) 
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RF Transistors 



2n2949 (silicon) 
2n2950 





G e = 12db@50Mc 
P o = 3.5W@50Mc 



CASE 23 



2N2949 



CASE 241 

(TO-102) 
2N2950 



NPN silicon annular transistors for power amplifier 
and driver applications to 100 Mc. 

Collector connected to case; 
stud isolated from case 



MAXIMUM RATINGS* 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

CBO 


60 


Vdc 


Collector- Emitter Voltage 


V 

V CES 


60 


Vdc 


Emitter - Base Voltage 


V EB 


3.0 


Vdc 


Collector Current (Continuous) 


l c 


0.7 


Adc 


Base Current (Continuous) 




100 


mAdc 


RF Input Power (Nom) 


P in 


1.0 


Watt 


RF Output Power (Nom) 


p 

out 


5.0 


Watts 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25° C) 


p c 


6.0 
40 


Watts 
mW/°C 


Total Device Dissipation at 
25° Ambient 

(Derating Factor above 25° C) 


P D 


2N2949 


2N2950 


Watt 
mW/°C 


0.5 
3.33 


0.7 
4.67 


Junction Temperature 


T J 


175 


°C 


Storage Temperature 


stg 


-65 to + 175 


°C 



* The maximum ratings as given for DC conditions can oe exceeded on a pulse basis. See Electrical 
Characteristics. 



POWER OUTPUT versus COLLECTOR VOLTAGE 



POWER OUTPUT versus POWER INPUT 
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RF Transistors 

2N2949, 2N2950 (Continued) 



ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 



Characteristic 


Symbol 


Test Conditions 


A/lin 


Typ 


Max 


Unit 


Collector- Emitter Sustain Voltage 


V CES(sus* 


i c =o.25oa, r be =o 


85 


120 




Volts 


Collector Emitter- Open Base 
Sustain Voltaee 


V CEO(8us) 


I C =0.250A, I B =0 


40 




__ 


Volts 


Collector-Emitter Current 


*CES 


v CE = eovdc, v BE =o 

V_ =50 Vdc, V = 0 
CE BE 

T c = + 175° C 


-- 


— 


100 
500 


MAdc 


Collector - Cutoff Current 


^BO 


V CB =50Vdc ' V° 


" 


. — 


0.1 


MAdc 


Emitter- Cutoff Current 




V £B = 3 Vdc, l c =0 






100 


MAdc 


DC Current Gain 


FE 


V CE =2.0Vdc 

I„= 40 mAdc 
C 

V CE =2.0Vdc 
I c = 400 mAdc 


5.0 
5.0 


- 


100 

-- 




Collector -Emitter Saturation 
Voltage 


^CE(sat) 


I c = 400 mAdc, 1^= 80 mAdc 




- 


0.5 


Vdc 


Emitter-Base Saturation Voltage 


V BE(sat) 


I c =400 mAdc, I B =80mAdc 






2.0 


Vdc 


AC Current Gain 


I h fe| 


V CE =2.0Vdc 

I c =40 mAdc , f=50 mc 


2.0 








Collector Output Capacitance 


C ob 


V CB = 25 Vdc, I E =0 
f=100kc 






20 


pf 


Power Input 


P in 


P Qut =3.5 watts, f=50 mc 
V CE =25Vdc,I c(maxr 325 mA, 






0.35 


Watt 


Efficiency 


J? 


43 






% 



♦Pulse Width s 100/isec, Duty Cycle = 2% 



POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER INPUT 




10 20 40 60 80 100 200 300 0 0.1 0.2 0.3 0.4 0.5 

f, FREQUENCY (mc) P,„, POWER INPUT (WATTS) 
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RF Transistors 




G e = 9 db @ 50 Mc 
P o = 600mW@ 50 Mc 



2N2951 2N2952 



NPN silicon annular Star transistors for power am- 
plifier applications to 100 Mc. 

Collector connected to case 



MAXIMUM RATINGS* 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


60 


Vdc 


Collector- Emitter Voltage 


v 

V CES 


60 


Vdc 


Emitter- Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current (continuous) 


l c 


250 


mAdc 


Base Current (continuous) 




50 


mAdc 


Total Device Dissipation 

(25° C Case Temperature) 
(Derate above 25° C) 


PC 


2N2951 
3 

20 


2N2952 

1.8 
12 


Watts 
mW/°C 


Total Device Dissipation 

(25° C Ambient Temperature) 
(Derate above 25° C) 


P D 


0.8 
5.33 


0.5 
3.33 


mW/°C 


Junction Temperature 


T J 


-65 to 175 


°C 


Storage Temperature 


stg 


-65 to 175 


°c 



* The maximum ratings as given for D.C. conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 
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RF Transistors 



2N2951,2N2952 (Continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Conditions 


Min 


Max 


Unit 


Collector- Emitter Current 


*CES 


v CE = eovdc, v BE = o 

V CE =50Vdc, V BE = 0, T C = 175°C 


— 


100 
500 


/xAdc 
/iAdc 


Collector Cutoff Current 


*CBO 


V GB = 50Vdc, I E = 0 


— 


0.1 


/iAdc 


Emitter Cutoff Current 


*EBO 


V EB = 5Vdc ' I C ss0 




100 


/iAdc 


DC Current Gain 


h FE 


I c = 10 mAdc, V CE = lOVdc 
I c = 150mAdc*, V CE = 10 Vdc* 


20 
20 


150 




Collector- Emitter Saturation Voltage 


V CE(sat) 


I c = 150 mAdc, I B = 15 mAdc 




0.5 


Vdc 


Base-Emitter Saturation Voltage 


V BE (sat) 


I c = 150 mAdc, Ig = 15 mAdc 




2.0 


Vdc 


Collector- Emitter Sustain Voltage 


V * 
CES(sus) 


I 0 = 100 mA, R =0 
C BE 


30 




Volts 


Collector- Emitter Open Base 
Sustain Voltage 


v CEO(sus) 


I c = 100 mA, I fi = 0 


20 




Volts 


AC Current Gain 


I h fel 


V CE = 10 Vdc, I c = 10 mAdc 
f = 50 mc 


4.0 






Collector Output Capacitance 


C ob 


V CB = 10 Vdc, I E =0 , f = 100kc 




8 


Pf 


Power Input 


P in 


Test Circuit Fig. 1 

P = 600 mW 
out 

f = 50 mc 

V CE = 13. 6 Vdc 

I n , , = 125 mA 
C(max) 




100 


mW 


Efficiency 


n 




35 




% 



♦Pulse Width = 100 /isec, Duty Cycle = 2% 
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RF Transistors 



2N2951, 2N2952 (Continued) 





FIGURE 1 — POWER OUTPUT AND POWER GAIN CIRCUIT 
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2N3127 (GERMANIUM) 
2N3127JAN 



RF Transistors 



V CEO = 20 V 
l c = 50 mA 
Pd= 100 mA 



CASE 20 




PNP germanium high frequency transistors designed 
for military and high-reliability industrial as well as 
commercial VHF amplifier applications. 



(TO-72) 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V CBO 


25 


Vdc 


Collector -Emitter Voltage 


v 

V CES 


25 


Vdc 


Collector -Emitter Voltage 


v 

V CEO 


20 


Vdc 


Emitter -Base Voltage 


v 

EBO 


0. 75 


Vdc 


Collector Current 


z c 


50 


mAdc 


Total Device Dissipation @ T . = 25°C 
Derate above 25°C A 


P D 


100 
1.33 


mW 
mW/°C 


Junction Operating & Storage Temperature Range 


T J' T stg 


-65°C to +100°C 


°C 
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2N3127 (continued) 



RF Transistors 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Base Breakdown Voltage 

(X — 1 fifi ii A An T — n\ 

Uq - lvv HAac, lj, - u) 


BV CBO 


25 




Vdc 


Collector -Emitter Breakdown Voltage 
* C ~ mAac > A g ~ u / 


BV CEO 


20 




Vdc 


Collector -Emitter Breakdown Voltage 

(i — 1 nn it AAn v — n\ 
Uq - J-uu /iAac, - u; 


BV CES 


25 




Vdc 


Collector-Base Cutoff Current 

l~\T — 1 fi IT An T — fi^ 
* CB ~ ' TS ~ ^ 


X CBO 




o 
o 


MAdc 


Emitter -Base Cutoff Current 

(\T - (\ T\ MAn T - 0\ 

\ V BE - u. /o vac, - v) 


X EBO 




100 


MAdc 


DC Current Gain 

(I c = 3 mAdc, Vg E = 10 Vdc) 


h FE 


20 


100 


_ 


Base -Emitter Saturation Voltage 
(I^ = 5 mAdc, Ig = 1 mAdc) 


V BE(sat) 




0. 6 


Vdc 


Collector-Emitter Saturation Voltage 

It _ c w.Afjp t - 1 rnAHM 

V A Q — O lli/lUC , J.g — X lll.tt.UL, ^ 


V CE(sat) 




0. 3 


Vdc 


Small-Signal Current Gain 

(T = 3 mArir V =10 Vrir f = 1 kHV^ 

O XilXXUU , VULj X — X tlxlZi/ 


h fe 


20 


125 


- 


Current-Gain — Bandwidth Product 

(I c = 2 mAdc, V CE = 6 Vdc, f = 100 MHz) 


f T 


400 




MHz 


Output Capacitance* 

(V CB = 10 Vdc, = 0, f > 0. 1 < 1. 0 MHz) 


C ob* 




1.2 


pF 


Collector-Base Cutoff Current 

(V CB =10Vdc, ^=0, T A =85°C) 


X CBO 




50 


MAdc 


DC Current Gain* n 
(I c = 3 mAdc, V CE = 10 Vdc, T A = -55 ™ °C) 




7 






Power Gain 

(I c = 3 mAdc, V CE = 10 Vdc, R g = 50 ohms, f = 200 MHz) 




17 


25 


dB 


Noise Figure 

(I c =3 mAdc, V CE = 10 Vdc, R g = 50 ohms, f = 200 MHz) 


NF 




5 


dB 


Collector -Base Time Constant 

(I c = 3 mAdc, V CB = 10 Vdc, f = 31.8 MHz) 




1 


12 


ps 



♦Measured in a guarded circuit, such that the can capacitance is not included. 
'Applies to JAN unit only. 
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RF Transistors 



2N3 1 37(SILICON) G ™ = 7 - 7 - 8 - 5 db @ 250 Mc Typ 

MM! 803 Po = 600-700 mW @ 250 Mc Typ 



NPN silicon annular transistors for large signal VHF 
and UHF applications. 



CASE 31 

(TO-5) 



Collector connected to case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3137 


MM 1803 


Unit 


Collector- Base Voltage 


V CBO 


40 


50 


Vdc 


Collector- Emitter Voltage 


v 

v CEO 


20 


25 


Vdc 


Emitter- Base Voltage 


v 

V EBO 


4 


5 


Vdc 


Collector Current (Continuous) 


l c 


150 


150 


mAdc 


Power Dissipation 
@25°C Case Temperature 
@25°C Ambient Temperature 




2.0 
0.8 


Watts 


Operating Junction Temperature 
Storage Temperature Range 


T J 
T 

stg 


200 
-65 to +200 


°C 


Thermal Resistance- - 
Junction to Case 




87.5 


°c/ 

Watt 


Thermal Resistance- 
Junction to Air 


e 

JA 


153 


°c/ 

Watt 



250 MC POWER GAIN TEST CIRCUIT (2N3137) 

+20V 



SHIELD 
I 



250 MC POWER GAIN TEST CIRCUIT (MM1803) 



lOOmW 120 P f 
at 250mc 
Ro = 50 




jb-2.5Kj_ _|_ 

L 2 = .075 uh (5.5 turns #15ga. ID = 3/16" length 1/2") L g 



3/4 turn No. 14 tinned wire 3/8" ID 
4 turns No. 18 tinned wire 1/4" ID 7/16" long 
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RF Transistors 

2N3137,MM1803 (Continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Typical 


Max 


Unit 


Collector-Base Breakdown Voltage 
I c = 0. ImAdc, I E = 0 


2N3137 
MMloOo 


CBO 


40 
50 






Vdc 


Collector-Emitter Open Base Sus. Voltage 
I c = 15mAdc, I B = 0 


2N3137 
MMloUo 


CEO (sus) 


20 
25 






Vdc 


Collector Cutoff Current 

v = 20Vdc, I_ = 0, T„ = +150° C 
CB ' E 5 C 


Both Types 


T 

A CBO 






50 




Collector Cutoff Current 
V CB »20Vdc, I E -0 


Both Types 


*CBO 






.05 


//Adc 


Emitter- Base Breakdown Voltage 
I E = lOOfiA, I c = 0 


2N3137 
MM1803 


V^^ 
EBO 


4 

5 






Vdc 


DC Current Gain 
V CE = 5VdC> l C = 50mAdc 


2N3137 
MM1803 


h FE 


20 
40 




120 
160 




Collector-Emitter Saturation Voltage 
I c = 50mAdc, I £ = 5mAdc 


Both Types 


V CE(sat) 






0.3 


Vdc 


Small Signal Current Gain 

V CE = 10Vdc » l c = 50mAdc > f = 100mc 


l h fel 


5.0 








Common-base Output Capacitance 
V CB = lOVdc, I c = 0, f - lOOkc 


C ob 






3.5 


pf 


Power Output 




P . 
out 


400 


600 




mWatts 


Power Gain P. - lOOmw, f = 250mc 
in 7 


2N3137 


G 

e 


6.0 


7.7 




db 


Efficiency V CE = 20Vdc 




7] 


40 


65 




% 


Power Output 




P . 

out 


560 


700 




mWatts. 


Power Gain P. - lOOmw, f - 250mc 


MM1803 


G 

e 


7.5 


8.5 




db 


Efficiency V QE = 20V 






45 


60 




% 



*Pulse Width « 300 fisec. Duty cycle = 1% 
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RF Transistors 



V CB o = 30V 

G e =16-17db@200Mc 
NF = 3.5-5 db@200Mc 



CASE 20 

(TO-72) 




PNP germanium epitaxial mesa transistors for high- 
gain, low-noise amplifier, oscillator, mixer and fre- 
quency multiplier applications. 



2N3279 thru 2N 3282 (GERMANIUM) 




MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 
2N3279 2N3281 
2N3280 2N3282 


Unit 


Collector- Base Voltage 


V CBO 


30 


30 


Volts 


Collector- Emitter Voltage 


v 

V CES 


30 


30 


Volts 


Collector- Emitter Voltage 


v 

v CEO 


20 


15 


Volts 


Emitter -Base Voltage 


v 

v EBO 


1.0 


0.5 


Volts 


Collector Current 


x c 


50 


50 


mA 


Total Device Dissipation 
(25° C Ambient Temperature) 
Derate above 25° C 


P D 


100 
1.33 


100 
1.33 


mW 
mW/°C 


Junction Temperature 


T y 


+100 


+100 


°C 


Storage Temperature 


T 

stg 


-65 to +100 


-65 to +100 


°C 



POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 
200mc 



NEUTRALIZED POWER GAIN AND NOISE FIGURE versus 
FREQUENCY 







C0MN 


ON EMITTER V„ = 10 V, 


l c = 3 mA 








































































































































- G. 






















— NF 
















'v 





























10 20 40 60 100 200 400 600 1000 2000 

f, FREQUENCY (mc) 




0 2 4 6 8 10 12 14 16 18 20 
l c , COLLECTOR CURRENT (mA) 
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RF Transistors 

2N3279 thru 2N3282 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector-Base 
Breakdown Voltage 


BV CBO 


I c = 100 MAdc, I E = 0 
All Types 


30 


— 


— 


Vdc 


Collector- Emitter 
Breakdown Voltage 


BV CES 


I c = 100 fiAdc, V EB = 0 
All Types 


30 






Vdc 


Collector-Emitter 
Breakdown Voltage 


BV CEO 


I c = 2.0 mAdc, I B = 0 

2N3279, 2N3280 
2N3281, 2N3282 


20 
15 


— 


— 


Vdc 


Collector Cutoff 
Current 


! CBO 


V CB = 10 Vdc, I E = 0 

All Types 
V CB = 10 Vdc, I E = 0, T A = +55°C 

2N3279, 2N3280 


— 


i 


5 

50 


fiAdc 


Emitter Cutoff 
Current 


^BO 


V EB = 0.75 Vdc, I c = 0 

2N3279, 2N3280 

V EB = 0.5 Vdc, I C = 0 

2N3281, 2N3282 


— 


— 


100 
100 


li Adc 


DC Forward Current 
Transfer Ratio 


n FE 


V CE = 10 Vdc, I c = 3 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


10 
10 




70 
100 




Collector- Emitter 
Saturation Voltage 


V CE (sat) 


I c = 5 mAdc, I B =1.0 mAdc 

2N3279, 2N3280 
2N3281, 2N3282 


— 


— ' 


0.3 
0.5 


Vdc 


Base- Emitter 
Saturation Voltage 


BE (sat) 


I c =5 mAdc, I B = 1.0 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


— 


z 


1.0 
1.5 


Vdc 


Small Signal Forward 
Current Transfer Ratio 


h fe 


V C£ =10 Vdc, I c = 3 mAdc, f =1 kc 
2N3279, 2N3280 
2N3281, 2N3282 


10 
10 


— 


100 
150 




Collector-Base 
Capacitance 


C ob 


V CB = 10 Vdc, I E = 0, f = 100 kc (Note 1) 
2N3279 

2N3280 thru 2N3282 


— 


0.9 
1.0 


1.0 
1.2 


pf 


Collector-Base 
Time Constant 


r b' C c 


V CB = 10 Vdc ' *C = 3 mAdc > f = 31. 8 mc 
2N3279, 2N3280 
2N3281, 2N3282 


3 
3 


5 
5 


10 
15 


psec 


Current Gain - 
Bandwidth Product 


f T 


V CE = 10 Vdc, I c = 3 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


400 
300 


500 
400 


800 
800 


mc 


Maximum Frequency 
of Oscillation 


*max 


V CE = 10 Vdc, I c = 3 mAdc 
All Types 


— 


2000 


— 


mc 


Power Gain 


G e 


V CE = 10 Vdc, I c = 3 mAdc, f = 200 mc 
2N3279, 2N3280 
2N3281, 2N3282 


17 
16 




23 
23 


db 


Noise Figure 


NF 


V CE = 10 Vdc, I c = 3 mAdc, f = 200 mc 
2N3279, 2N3280 
2N3281, 2N3282 




2.9 
4.0 


3.5 
5.0 


db 


Power Gain (AGC) 


G e 


V CE = 5 Vdc, I c = 20 mAdc, f = 200 mc 

(Note 2) 2N3279, 2N3281 
(Note 2) 2N3280, 2N3282 




0 


0 


db 



Note 1. C , is measured in a guarded circuit such that the can capacitance is not included. 



Note 2. AGC is obtained by increasing I c . The circuit remains adjusted for V CE = 10 Vdc 
and L-, = 3 mAdc operation. 
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RF Transistors 



2N3283 thru 2N3286 (GERMANIUM) 




CASE 20 

(TO-72) 



MAXIMUM RATINGS 



Vcbo = 20-25 V 

G e = 14-16 db @ 200 Mc 

NF = 4-5 db @ 200 Mc 



PNP germanium epitaxial mesa transistors for TV 
and FM, RF and IF amplifier, oscillator and general 
purpose high- gain, low-noise amplifier applications. 



Characteristic 


Symbol 


2N3283 
2N3284 


2N3285 
2N3286 


Unit 


Collector-Base Voltage 


V CBO 


25 


20 


Volts 


Collector- Emitter Voltage 


V CES 


25 


20 


Volts 


Emitter-Base Voltage 


V EB 


0.5 


0.5 


Volt 


Collector Current 




50 


50 


mA 


Total Device Dissipation 

at T A = 25°C 
Derate above 25°C 




100 
1.33 


100 
1.33 


mW 
mW/°C 


Junction Temperature 


T J 


+100 


+100 


°C 


Storage Temperature Range 


T stg 


-65 to +100 - 


°C 



NEUTRALIZED POWER GAIN AND 
NOISE FIGURE versus FREQUENCY 







C0MM 


ON EMITTER V ct = 10 V 


I c = 3 mA 
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— G. 

_~» NF 
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POWER GAIN AND NOISE FIGURE versus 
COLLECTOR CURRENT 200 mc 



COMMON EMITTER | 
neutralization and tuning set at 
V C( = 10V, l c = 3mA) 



± 



T71 

(10V) / 



10 12 14 16 18 20 
: , COLLECTOR CURRENT (mA) 
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RF Transistors 

2N3283 thru 2N3286 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Sym 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector-Emitter 
Breakdown Voltage 


BV CES 


I c = 100 /jAdc, V BE = 0 

2N3283, 2N3284 
2N3285, 2N3286 


25 
20 


30 
25 




Vdc 


Collector Cutoff Current 


*CBO 


V CB = 10 Vdc, I £ = 0 




2.0 


10 


MAdc 


Emitter Cutoff Current 


^BO 


v £B = 0.5 Vdc, I c = 0 






100 


/lAdc 


DC Forward Current 
Transfer Ratio 


h FE 


V CE = 10 Vdc, Iq = 3 mAdc 2N3283, 2N3284 
2N3285, 2N3286 


10 
5 


30 








AC Current Gain 


hfe 


V CE = 10 Vdc, Ic =3 mAdc, 2N3283, 2N3284 
f = 1 kc 2N3285, 2N3286 


10 

5 




200 
200 




Output Capacitance 


C ob 


V CB = 10 Vdc ' J E = °» f = 100 kc Note 1 




1.0 


1.5 


P* 


AC Current Gain 


hfe 


V CE = 10 Vdc ' *C = 3 mAdc - 1 = 100 mc 


2.5 


4.0 


8.0 




Collector-Base 
Time Constant 


r b' c c 


V CB = 10 Vdc, Ic = 3 mAdc, 
f = 31.8 mc 




10 


25 


psec 


Maximum Frequency 
of Oscillation 


f max 


V CE = 10 Vdc ' *C = 3 mAdc 




2000 




mc 


2N3283 


Power Gain 






16 


20 


23 


db 


Noise Figure 


NF 


V C£ = 10 Vdc, Ic = 3 mAdc 
f = 200 mc 




4 


5 


db 


Power Gain (AGC) 


G e 


Circuit Fig. 1 - Note 2 

V CE = 5 Vdc ' ^ = 20 mAdc, f = 200 mc 






0 


db 


2N3284 


Power Gain 


Ge 


V CE = 10 Vdc, Ic = 3 mAdc 
f = 200 mc 


16 


20 


23 


db 


Noise Figure 


NF 




5 


6 


db 


Power Gain (AGC) 


% 


V CE = 5 Vdc » k: = 20 mAdc, f = 200 mc 




0 




db 


2N3285 


Power Output 


P out 


V EE = +12 Vdc, f = 257 mc 


2 






mW 


2N3286 


Power Gain 


G e 


V CE - 10 Vdc, Ic = 3 mAdc 
f = 200 mc 


14 






db 


Noise Figure 


NF 




5 




db 



Note 1. C ob is measured in a guarded circuit such that the can capacitance is not included. 

Note 2. AGC is obtained by increasing Ic- The circuit remains adjusted for V CE = 10 Vdc and I c = 3 mAdc operation. 
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RF Transistors 



2N3283 thru 2N3286 (Continued) 



FIGURE 1 — 200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

SHIELD 




NOTES: 

L-l 1/4 inch inside diameter, Vz inch length, 4 turns #20 solid copper wire, 
center tapped. 

T-l 1/4 inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 

ratio bi-filler wound. 
* High Quality piston type capacitor. 

Distance from emitter contact of transistor to ground side of bypass capaci- 
tor should be kept minimum 



.001 M f 



FIGURE 2 — 257 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 

SHIELD - 



SHIELD -1 



■x 1 



i 



.001 ^ 

17.5 KO 



1 


— ■^r 3 - 0 >" 







I 



L, — 4 TURNS OF # 22 NYKLAD WIRE SPACED FOR 257 MC. COIL FORM 7/32" CENTER 
RFC — 24 TURNS #30 NYKLAD WIRE CLOSE WOUND 
ALL CAPACITORS ARE CERAMIC TYPE 



>- 001 * f -{RFC 



100 ft 
POWER 
DETECTOR 



8.0 pf 
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RF Transistors 



2N3287 thru 2N3290 (SILICON) 



CASE 20 

(TO-72) 





V CBO = 30-40 V 
G e = 17 db @200Mc 
NF = 6-7 db @ 200 Mc 



NPN silicon annular transistors for high-gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
tiplier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3287 
2N3288 


2N3289 
2N3290 


Unit 


Collector - Base Voltage 


V 

CBO 


40 


30 


Volts 


Collector - Emitter Voltage 


v 

CES 


40 


30 


Volts 


Collector - Emitter Voltage 


v 

CEO 


20 


15 


Volts 


Emitter - Base Voltage 


v 

v EBO 


3.0 


3.0 


Volts 


Collector Current 


l c 


50 


50 


mA 


Power Dissipation at 25° C Case 
Above 25°C derate 1.71 mW/°C 


p c 


300 


300 


mW 


Power Dissipation at 25° C amb. 
Above 25°C derate 1.14 mW/°C 


P D 


200 


200 


mW 


Junction Temperature 




+200 


+200 


°C 


Storage Temperature 


stg 


-65 to +200 


-65 to +200 


°C 



200 MC TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 




Li-6 turns of #16 tinned wire; %" ID; Air wound; winding length %"; Ti-3 turns primary and secondary Bifilar wound (close wound) on Ya" 

V cc feeds tap 4% turns from collector end; output tap 3V 2 turns ceramic form (cambion type) with brass slug. #22 enameled wire, 

from collector end. 

Pi-General Radio 874 G6 Pad (6 db) 
P 2 -General Radio 874 G6 Pad (6 db) 
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RF Transistors • 



2N3287 thru 2N3290 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25° C Ambient unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector-Base 
Breakdown Voltage 


^^CBO 


I c = 10 MAdc, I E = 0 

2N3287, 2N3288 
2N3289, 2N3290 


40 
30 


— 


— 


Vdc 


Collector-Emitter 
Breakdown Voltage 


BV CES 


I c = 10 n Adc, V BE - 0 

2N3287, 2N3288 
2N3289, 2N3290 


40 
30 


_ 


_ 


Vdc 


Collector-Emitter 
Breakdown Voltage 


BVCEO 


T c = 2.0 mAdc, Ig = 0 

2N3287, 2N3288 
2N3289, 2N3290 


20 
15 






Vdc 


Emitter-Base 
Breakdown Voltage 


BV EBO 


I E = 10 /iAdc, I c = 0 


3.0 


— 


— 


Vdc 


Collector Cutoff 
Current 


! CBO 


V CB = 15 Vdc All Types 

V CB - 15 Vdc, T - 150°C 2N3287, 2N3288 


— 


— 


.010 
3.0 


H Adc 


DC Forward Current 
Transfer Ratio 


h FE 


Vq e = 10 Vdc, Iq - 2 mAdc 

2N3287, 2N3288 
2N3289, 2N3290 


15 
10 


— 


100 
150 




Collector-Emitter 
Saturation Voltage 


V CE (sat) 


J r ^ 5 mAdc, Ig = 0.5 mAdc 

2N3287, 2N3288 
2N3289, 2N3290 





— 


0.3 
0.4 


Vdc 


Base-Emitter 
Saturation Voltage 


V BE (sat) 


Iq - 5 mAdc, Ig 0.5 mAdc 

2N3287, 2N3288 
2N3288, 2N3290 


— 


— 


0.9 
1.0 


Vdc 


AC Current Gain 


h fe 


V cv = 10 Vdc, I c - 2 mAdc, f = 1 kc 

2N3287, 2N3288 
2N3289, 2N3290 


15 
10 


— 


150 
200 




Output Capacitance 


"-ob 


^CB = ^ Vdc, - 0, f = 0.1 mc (Note 1) 
2N3287 

2N3288 thru 2N3290 


— 


0.9 
1.2 


1.1 
1.5 


pf 


Collector-Base 
Time Constant 


r b' c c 


V CB = 10 Vdc> *C = 2 mAdc, f - 31.8 mc 

2N3287, 2N3288 
2N3289, 2N3290 


3 
3 


8 
8 


15 

20 


psec 


Current Gain - 
Bandwidth Product 


f T 


V CF - 10 Vdc, I r = 2 mAdc 

2N3287, 2N3288 


350 


600 


1200 


mc 


Maximum Frequency 
of Oscillation 


^max 


V CE - 10 Vdc, I c = 2 mAdc 


— 


2000 




mc 


Power Gain 


G e 


V CE = 10 Vdc, I c = 2 mAdc, f = 200 mc 
All Types 


17 




24 


db 


Noise Figure 


NF 


V CE = 10 Vdc, I = 2 mAdc, f = 200 mc 

2N3287, 2N3288 
2N3289, 2N3290 




4.9 

6.0 


6.0 
7.0 


db 


Power Gain (AGC) 


G e 


V CE = 5.0 Vdc, I c =20 mAdc, f = 200 mc ( Note 2) 
2N3287 
2N3289 

2N3288, 2N3290 




0 


0 

+ 5 


db 



Note 2. AGC is obtained by increasing I c . The circuit remains adjusted.for V CE = 10 Vdc, I c = 2 mAdc operation. 

NEUTRALIZED POWER GAIN POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 

AND NOISE FIGURE versus FREQUENCY 

















: 1 


D V 


ic, 


l c = 2 


mAdc 


s. 

s. 


































































m 
















G. 


























— 1 
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, 
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RF Transistors 



2N3291 thru 2N3294 (SILICON) 




Vcbo = 20-25 V 
G*=14-16db@200Mc 
NF = 8 db @ 200 Mc 



CASE 20 

(TO-72) 




NPN silicon annular transistor for TV and FM mixer, 
RF and IF amplifier and general- purpose, low-noise, 
high- gain amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3291 
2N3292 


2N3293 
2N3294 


Unit 


Collector - Base Voltage 


V CBO 


25 


20 


Volts 


Collector - Emitter Voltage 


V CES 


25 


20 


Volts 


Emitter - Base Voltage 


V 

EBO 


3.0 


3.0 


Volts 


Collector Current 


*C 


50 


50 


mA 


Power Dissipation at 25°C Case 
Above 25°C derate 1.71 mW/°C 


p c 


300 


300 


mW 


Power Dissipation at 25°C Amb. 
Above 25°C derate 1.14 mW/°C 


P D 


200 


200 


mW 


Junction Temperature 


T J 


+ 200 


+ 200 


°C 


Storage Temperature 


T stg 


* -65 to +200 » 


°C 
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RF Transistors 

2N3291 thru 2N3294 (Continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector- Emitter 
Breakdown Voltage 


BV CES 


I c = 25 M Adc, V fiE = 0 
2N3291, 2N3292 
2N3293, 2N3294 


25 
20 


35 
30 




Vdc 


Collector Cutoff Current 


*CBO 


V CB = 10 Vdc ' *E = 0 




.01 


0.1 


MAdc 


Emitter Cutoff Current 


^BO 


V EB = 0.5 Vdc, 1q = 0 


- 




100 


fi Adc 


DC Forward Current 
Transfer Ratio 


h FE 


V CE = 10 Vdc, I c = 2 mAdc 


10 


— 


— 


— 


AC Current Gain 




V CE = 10 Vdc ' *C = 2 mAd c. 
f = 1 kc 


10 




200 




Output Capacitance 


C ob 


V CB = 10 Vdc, I E = 0, 
f = 100 kc, Note 1 




1.0 


2.0 




AC Current Gain 


Ke| 


V CE = 10 Vdc, I c = 2 mAdc 
f = 100 mc 


2.5 


6.0 


12 




Collector-Base 
Time Constant 




V CB = 10 Vdc ' *C = 2 mAdc 
f = 31.8 mc 




15 


30 


psec 


Maximum Frequency 
of Oscillation 


*max 


V CE = 10 Vdc, I c = 2 mA 




2000 




mc 


2N3291 


Power Gain 


G e 


V CE = 10 Vdc, I c = 2 mAdc, 
f = 200 mc 


16 


20 


24 


db 


Noise Figure 


NF 




6 


8 


db 


Power Gain (AGC) 


G e 


Note 2 

V CE = 5 Vdc, Ic '= 20 mAdc 
f = 200 mc 






0 


db 


2N3292 


Power Gain 


G e 


V CE = 10 Vdc, I c = 2 mAdc 
f = 200 mc 


16 


20 


24 


db 


Noise Figure 


NF 




7 


9 


db 


Power Gain (AGC) 


G e 


Note 2 

V CE = 5 Vdc, I c = 20 mAdc 
f = 200 mc 




0 




db 


2N3293 


Power Output 


P out 


V EE =-11 Vdc, f = 257 mc 


2 






mW 


2N3294 


Power Gain 


G e 


Vce = 10 Vdc, Ic = 2 mAdc 
f = 200 mc 


14 






db 


Noise Figure. 


NF 




7 




db 



Note 1. C Qb is measured in guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic- The circuit remains adjusted for V CE = 10 Vdc, 
Ic = 2 mAdc operation. 
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RF Transistors 



2N3295 (SILICON) 




G PE =17db@30Mc Typ 
P 0 = 0.3 W PEP @ 30 Mc 
l m = 32 db@30 Mc 



NPN silicon annular Star transistor for linear am- 
plifier applications from 2 to 100 Mc. 

Collector connected to case 



CASE 31 

(TO-5) 



MAXIMUM RATINGS* 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V 

V CBO 


60 


Vdc 


Collector-Emitter Voltage 


v 

CES 


60 


Vdc 


Emitter -Base Voltage 


v 

V EBO 


5 


Vdc 


Collector Current (Continuous) 


l c 


250 


mAdc 


Base Current (Continuous) 


*B 


50 


mAdc 


Total Device Dissipation 

(25 °C Case Temperature) 
Derate above 25° C 


p c 


2 

13.3 


Watts 
mW/°C 


Total Device Dissipation 

(25 °C Ambient Temperature) 
Derate above 25°C 


P D 


0.8 
5.33 


Watts 
mW/°C 


Junction Temperature Range 


T J 


-65 to 175 


°C 


Storage Temperature Range 


stg 


-65 to 175 


°c 



♦The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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RF Transistors 

2N3295 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


A/lin 


Typ 


Max 


Unit 


f^r*l l*»f*t of— Rmif fpr f^nrrpnt 


*CES 


v CE - eovdc, v BE - o 

V CE = 50Vdc, V BE = 0, 
T c = 175°C 







100 
500 


U Adc 
fi Adc 


Collector Cutoff Current 


^BO 


V CB = SOVdc, i E = 0 


-- 


-- 


0.1 


fi Adc 


Emitter Cutoff Current 


^BO 


V EB = 5 VdC ' X C = 0 






100 


U Adc 


DC Current Gain 


h 

FE 


I c = lOmAdc, 
V CE = lOVdc 

I c = 150mAdc, 
V CE = 10Vdc* 


20 
20 




60 




Collector-Emitter 
Saturation Voltage 


V CE(sat) 


I c = 150mAdc, 
I B = 15mAdc 






0. 5 


Vdc 


Base -Emitter 

Saturation Voltage 


BE(sat) 


I c = 150mAdc, 
I B = 15mAdc 







2.0 


Vdc 


Collector- Emitter 
Sustain Voltage 


V * 

CES(sus) 


I c = 100mA, R BE = 0 


30 


-- 


-- 


Volts 


Collector -Emitter Open 
Base Sustain Voltage 


V CEO(sus)* 


I c = 100mA, I B = 0 


20 


-- 


-- 


Volts 


AC Current Gain 


I h fel 


V CE = lOVdc, 

I c = lOmAdc, f=50mc 


4.0 








Collector Output 
Capacitance 


C ob 


V CB = lOVdc, I E = 0, 
f = lOOkc 






8 




Power Input (PEP) (Note 1) 


P. 

in 


P = 0. 3 Watts PEP 
out 

(0.15 Wrms) 
f = 30mc, V CE = 15.0Vdc 






12 


mW 


Power Gain 


G e 


14 


17 




db 


Intermodulation 
Distortion Ratio 


I 

m 


30 


32 




db 


Efficiency 


n 


25 


30 




% 



* Pulse = 100 usee, Duty Cycle = 2% 
Note 1. PEP. Peak Envelope Power 
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RF Transistors 



2N3295 (Continued) 
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■ RF Transistors • 



2N3296 (SILICON) 




G PE = 19db@30Mc Typ 
P 0 = 3 W PEP @ 30 MC 
l m = 35 db @ 30 Mc Typ 




NPN silicon annular transistor for linear amplifier 
applications from 2 to 100 Mc. 



CASE 24 

(TO-102) 

Collector connected to case; 
stud isolated from case 



MAXIMUM RATINGS (Note 1) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V 

CBO 


60 


Vdc 


Collector- Emitter Voltage 


v 

CES 


60 


Vdc 


Emitter-Base Voltage 


v 

EB 


3.0 


Vdc 


Collector Current (Continuous) 


l c 


700 


mAdc 


Base Current (Continuous) 


*B 


100 


mAdc 


RF Input Power (Note 2) 


P. 
m 


1.0 


Watt (PEP) 


RF Output Power (Note 2) 


P . 
out 


5.0 


Watts (PEP) 


Total Device Dissipation 
(25° C Case Temperature) 
Derating Factor above 25°C 


p c 


6.0 

40 


Watts 
mW/°C 


Total Device Dissipation at 
(25°C Ambient Temperature) 
Derating Factor above 25° C 




0.7 
4.67 


Watts 
mW/°C 


Junction Temperature 


T J 


175 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°c 



Note 1: The maximum ratings as given for DC conditions can be exceeded on a 

pulse basis. See Electrical Characteristics. 
Note 2: PEP = Peak Envelope Power. 
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RF Transistors 



2N3296 (Continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Collector- Emitter Sustain Voltage 


v * 

CES(sus) 


I C = 0.200A, ^ = 0 


85 


120 




Volts 


Collector Emitter-Open 
Base Sustain Voltage 


V CEO(sus)* 


I c = 0. 200A, I B = 0 


40 






Volts 



Collector- Emitter Current 


^ES 


V CE = 60Vdc, V BE =0 

V CE = SOVdc, V BE = 0, T c = + 175°C 






100 
500 


uAdc 


Collector -Cutoff Current 


r CBO 


V CB = 50VdC ' l E = ° 






0.1 


H Adc 


Emitter -Cutoff Current 


r EBO 


V EB = 3Vdc, I c = 0 






100 


//Adc 


DC Current Gain 


h FE 


V CE = 2. OVdc, I c = 40mAdc 
V CE = 2. OVdc, I c = 400mAdc 


5.0 
5.0 




50 




Collector-Emitter Saturation Voltage 


V CE(sat) 


I c = 400mAdc, Ig = 80mAdc 






0.5 


Vdc 


Emitter -Base Saturation Voltage 


V BE(sat) 


I c = 400mAdc, I B = 80mAdc 






2.0 


Vdc 



AC Current Gain 


I h £el 


V CE = 2. 0Vdc,I c = 40mAdc,f = 50mc 


2.0 








Collector Output Capacitance 


C ob 


V CB = 25Vdc > J E = °» f = 100kc 






20 






Power Input (PEP) (Note 2) 


P. 
in 


P out = 3 " 0 Watts ( pEP Hl- 5 W rms) 
V CE = 30 Volts ' f = 30mC 
^(rnaxr 1251 ^ 






75 


mW 


Power Gain 


G e 


16 


19 




db 


Intermodulation Distortion Ratio 


I 

m 


30 


35 




db 


Efficiency 




40 


48 




% 



♦Pulse Test. Pulse Width = 100 //sec. Duty Cycle = 2%. 
Note 2 PEP. Peak Envelope Power. 
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RF Transistors 



2N3296 (Continued) 
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RF Transistors 



2n3297(SILICON) 



G PE = 13 db @ 30McTyp 
P Q = 12 WPEP @ 30 Mc 
l m = 33 db@30 McTyp 




NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 Mc. 

Collector connected to case 



CASE 1 

(TO-3) 



MAXIMUM RATINGS * 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

CBO 


60 


Vdc 


Collector- Emitter Voltage 


v 

CES 


60 


Vdc 


Emitter -Base Voltage 


V EB 


3 


Vdc 


Collector Current (Continuous) 


l c 


1.5 


Adc 


Base -Current (Continuous) 


*B 


500 


mAdc 


Power Input (PEP) 


P. 
in 


5.0 


Watts (PEP) 


Power Output (PEP) 


P . 
out 


20.0 


Watts (PEP) 


Total Device Dissipation 
@ 25 °C Case Temperature 


P D 


25.0 


Watts 


Derating Factor above 25° C 




167 


mW/°C 


Junction Temperature 


T J 


175 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°c 



* The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical characteristics 
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RF Transistors 



2N3297 (Continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Collector-Emitter 
Sustain Voltage 


V CES(susf 


I C = 0.250A, R BE =0 


80 


100 




Volts 


Collector Emitter-Open 
Base Sustain Voltage 


V * 
CEO(sus) 


I c = 0.250A, I B = 0 


40 






Volts 



Collector - Emitter 
Current 


l CES 


V CE = 60Vdc, V BE =0 

V CE = 50Vdc, V BE =0, T c = +175°C 






0.5 
1.0 


mAdc 


Collector -Cutoff 
Current 


J CBO 


v CB = 50Vdc, i E = 0 






1.0 


//Adc 


Emitter -Cutoff 
Current 


^BO 


V EB = 3VdC ' l C = 0 






100 


//Adc 


DC Current Gain 


h FE 


I c = 400mAdc, V C£ = 2Vdc c 
I c = lAdc, V CE = 2Vdc 


2.5 
2.5 




35 




Collector-Emitter 
Saturation Voltage 


V CE(sat) 


I c = lAdc, I B = 500mAdc 






0.5 


Vdc 


Emitter-Base 
Saturation Voltage 


V BE(sat) 


I c = lAdc, I B = 500m Adc 






2.0 


Vdc 



AC Current Gain 


I h fel 


V CE = 2 Vdc, I c = 400m Adc, f = 50mc 


2.0 








Collector Output 
Capacitance 


C ob 


V CE = 2 5 Vdc, I E = 0, f = lOOkc 






60 


Pf 




Power Input (PEP) 
Note 2 


P. 
in 


P Qut = 12 Watts PEP (6. 0W rms) 

V CE = 30 Volts ' f = 30mc 

v = 0. 50 Amp 
C(max) ^ 






1.2 


Watts 
PEP 


Power Gain 


G 

e 


10 


13 




db 


Inter modulation 
Distortion Ratio 


I 

m 


30 


33 




db 


Efficiency 


V 


40 


45 




% 



* Pulse Test: Pulse Width = 100 //sec, Duty Cycle = 2% 
Note 2. PEP. Peak Envelope Power 
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RF Transistors 



2N3297 (Continued) 



SAFE OPERATING AREA 



POWER OUTPUT versus FREQUENCY 



































i 0.5 /.SEC. PULSE WIDTH 
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LE 




















































































































DC 


















r c = 


25°C 
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V CE , COLLECTOR - EMITTER VOLTAGE (VOLTS) 




20 30 40 60 80 100 
f, FREQUENCY (MC) 



MAXIMUM POWER OUTPUT FOR GIVEN l m DISTORTION LEVEL 



POWER OUTPUT versus OPTIMUM BIAS 












1 1 














f 


= 30 MC 
m DISTOR 
c=25° 
















MIN 

T 


HON 

C 


























E = 30 V 


ic 


















































f 




















V 
























V CE = 


15Vdc^ 











































„ INTERMODULATION DISTORTION (db BELOW SIGNAL) 



0 5 10 15 20 25 30 35 40 
l C | op ,|, OPTIMUM NO - SIGNAL COLLECTOR CURRENT (mAdc) 



OUTPUT CHARACTERISTICS versus POWER INPUT 



30 MC 



4 MC 




1 1 1 ... 












MINIMUM l m 
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■ RF Transistors • 



2N3298 (SILICON) V CES = 25V 

P o = 60-100 mW @ 80 Mc 



NPN silicon annular transistor for power oscillator 
CASE 22 m ^ applications to 150 Mc. 

(TO-18) 

Collector connected to case 




MAXIMUM RATINGS 



C haraftorlc+if* 
v.iiaidi*icilblll» 


jylTlDOl 


Rating 


Unit 

uniT 


Collector -Base Voltage 


V 

CBO 


25 


Vdc 


Collector- Emitter Voltage 


v 

CES 


25 


Vdc 


Emitter -Base Voltage 


v 

EBO 


3.0 


Vdc 


Collector Current 


J c 


100 


mA 


Total Device Dissipation 
(25° C Case Temperature) 
Derate Above 25° C 


p c 


1.0 
6.67 


Watt 
mW/°C 


Total Device Dissipation 
(25° C Ambient Temperature) 
Derate Above 25°C 2mW/°C 


P D 


0.3 

2 


Watt 
mW/°C 


Junction Temperature 


T J 


+175 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°c 



80 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 

2N3298 



3.9^ 




20 n 
-WSr 



30LOME7 



L, — 4 TURNS #22 WIRE 
ON 1/4" COIL FORM 
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RF Transistors 



2N3298 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Collector-Emitter 
Breakdown Voltage 


BV CES 


I c =25/iAdc, V BE =0 


25 


35 




Vdc 


Collector-Emitter Open 
Base Sustaining Voltage 


RV * 
CEO(sus) 


I c =10mA, I B =0 


15 


24 




Vdc 


Collector Cutoff Current 


^BO 


V CB =10Vdc, I E =0 

V CB =10 Vdc, I E =0, T A =150°C 




0.01 
10 


0.5 

50 


#Adc 


Emitter Cutoff Current 


! EBO 


V EB =3 VdC ' l C = ° 






10 


H Adc 


DC Current Gain 


h FE 


V CE = 1 Vdc, I = 10 mAdc 


60 


90 


120 






AC Current Gain 


I h fe| 


V CE =10Vdc, I c =10mAdc, f= lOOmc 


2 








Collector Output Capacitance 


C ob 


V CB =10Vdc, I E =0, f=100kc 




5 


6 


pf 




Power Output 


P . 
out 


f=80 mc 
V cc = 12Vdc 

Wax) = 20 mA 


60 




100 


mW 


Efficiency 




25 


40 




% 



♦Pulse Width = 300 j/sec, Duty Cycle = 2% 



NORMALIZED DC CURRENT GAIN fr versus COLLECTOR CURRENT 
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RF Transistors 



2N3307 (SILICON) 

2n3308 




Gpe= 17 db @200Mc 
NF = 4-5db @ 200McTyp 



CASE 20 

(TO-72) 




PNP silicon annular transistors for high- gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
tiplier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


2N3307 


2N3308 


CollppfoT*— Rj* rp Wilts ir*» 


v 


40 


30 


Vdc 


Collector -Emitter Voltage 


v 

V CES 


40 


30 


Vdc 


Collector -Emitter Voltage 


v 

v CEO 


35 


25 


Vdc 


Emitter-Base Voltage 


v 

V EBO 


3. 


0 


Vdc 


Collector Current 


l c 


50 


mAdc 


Power Dissipation at T c = 25° C 


P C 


300 


mW 


Above 25° C derate 




1.71 


mW/°C 


Power Dissipation at T A = 25° C 


P D 


200 


mW 


Above 25° C derate 




1.14 


mW/°C 


Junction Temperature 


T. 

) 


200 


°C 


Storage Temperature 


stg 


-65 to +200 


°C 
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RF Transistors 



2N3307, 2N3308 (Continued) 



ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector-Base 
Breakdown Voltage 


BV CBO 


l c = 


-10 fiAdc, I E = 0 


2N3307 
2N3308 


-40 
-30 


- 


- 


Vdc 


Collector- Emitter 
Breakdown Voltage 


BV CES 


I c = 


-10 /iAdc, V BE = 0 


2N3307 
2N3308 


-40 


- 


- 


Vdc 


Collector- Emitter 
Breakdown Voltage 


BV CEO 


r c = 


-2.0 mAdc, I B = 0 


2N3307 


-35 
-25 






Vdc 


Emitter-Base 
Breakdown Voltage 


BV EBO 


*E = 


-10 i±Adc, Iq = 0 


Both Types 


-3. 0 








Collector Cutoff 
Current 


! CBO 


V CB 

v 

V CB 


= -15 Vdc 

= -15 Vdc, T = 150 °C 


Both Types 
2N3307 




-0.001 
-0.5 


-0.010 
-3.0 


/xAdc 


DC Current Gain 


h FE 


V CE 


= -10 Vdc, I c = -2 mAdc 


2N3307 
2N3308 


40 
25 




250 
250 




Collector-Emitter 
Saturation Voltage 


V CE(sat) 


I _ = 
C 


-3 mAdc, 1^ = -0. 6 mAdc 


Both Types 


~ 




-0.4 


Vdc 


Base -Emitter 
Saturation Voltage 


V BE(sat) 


l c = 


-3 mAdc, l Q = -0. 6 mAdc 


Both Types 




- 


-1.0 


Vdc 


AC Current Gain 


h fe 


V CE 


= -10 Vdc, I c = -2 mAdc, f = 1 kc 


2N3307 
2N3308 


40 
25 




250 
250 


- 


Output Capacitance * 


C ob 


V CB 


= -10 Vdc, I £ = 0, f = 0. 1 mc 


2N3307 
2N3308 


" 


1.0 
1.2 


1.3 
1.6 




Collector-Base 
Time Constant 


V C c 


V CB 


= -10 Vdc, I c = -2 mAdc, f = 31. 8 mc 


2N3307 
2N3308 


2 
2 




15 

20 


psec 


Current Gain- 
Bandwidth Product 




V CE 


= -10 Vdc, I c = -2 mAdc, f =- 100 mc 


Both Types 


300 




1200 


mc 


Maximum Frequency 
of Oscillation 


f 

max 


V CE 


= -10 Vdc, I c = -2 mAdc 


Both Types 




2000 




mc 


Power Gain 


G 

e 


V CE 


= -10 Vdc, I c = -2 mAdc, f = 200 mc 


Both Types 


17 




24 


db 


Noise Figure 


NF 


V 

V CE 


= -10 Vdc, I c = -2 mAdc, f = 200 mc 


2N3307 
2N3308 




4.0 
5.0 


4.5 
6.0 


db 


Power Gain (AGC) * * 


G 

e 


V CE 


= -5. 0 Vdc, I c = -20 mAdc, f = 200 mc 


2N3307 
2N3308 




0 


0 


db 



AGC is obtained 



in guarded circuit such that the can capacitance is not included, 
by increasing 1^-,. The circuit remains adjusted for V^ E = -10 Vdc, 1^, 



= -2 mAdc operation. 



SMALL SIGNAL CURRENT GAIN versus FREQUENCY 























V CE - 
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|h,. 
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lc=-5 


mAdc 





























































20 30 50 70 100 200 300 500 
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MAXIMUM AVAILABLE GAIN versus FREQUENCY 
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RF Transistors • 



9n3309A KILICON1 G PE =7.4db @250Mc 

2N00U7 A (SILICON) = ^ w 25Q ^ 



NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 



CASE 79 

(TO-39) 



Collector connected to case 



MAXIMUM RATINGS* 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V CBO 


60 


Vdc 


Collector -Emitter Voltage 


v 

CES 


60 


Vdc 


Emitter-Base Voltage 


V EBO 


4 


Vdc 


Collector Current (Continuous) 


■c 


0. 5 


Adc 


Base Current (Continuous) 




0.1 


Adc 


RF Input Power (Nom) 


P i„ 


0.5 


Watt 


RF Output Power (Nom) 


P 

out 


2. 5 


Watts 


Total Device Dissipation 
(25°C Case Temperature) 
(Derating Factor Above 25 C) 


p c 


5 

28.6 


Watts 
mW/ C 


Total Device Dissipation at 
25 r Ambient 

(Derating Factor Above 25 C) 


P D 


1.0 
5. 7 


Watt 
raW/ C 


Junction Temperature 


T J 


200 


C 


Storage Temperature Range 


T 

stg 


-65 to +200 


C 



*The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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2N3309A (Continued) 



RF Transistors 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


TEST CONDITIONS 


Min 


Typ 


Max 


Unit 


Collector -Emitter Sustain Voltage 


v * 

CES(sus ) 


I c = 50mA, R BE = 0 


60 






Volts 


Collector Emitter-Open Base 
Sustain Voltage 


V * 

CEO(sus ) 


I c - 100mA, I B = 0 


30 






Volts 


Collector -Emitter Current 


*CES 


V CE = 50 Vdc, V BE = 0 
V CE = 25 Vdc, V BE = 0 
T c = +150°C 






100 

500 


/iAdc 
/iAdc 



Collector -Cutoff Current 


r CBO 


V CB= 25Vdc, I E =0 






0. 5 


/iAdc 


Emitter -Cutoff Current 


^BO 


V EB = 4Vdc ' V 0 






100 


/iAdc 


DC Current Gain 


h FE 


I c = 50 mAdc, 

V CE = 2.0Vdc 
I c = 250 mAdc, 
V CE = 2.0Vdc 


8 
8 




80 




Collector- Emitter Saturation 
Voltage 


V CE(sat) 


I c = 250 mAdc, IB = 50 mAdc 






0. 5 


Vdc 


Emitter-Base Saturation Voltage 


V BE(sat) 


U = 250 mAdc, I 0 = 50 mAdc 






1.2 


Vdc 



AC Current Gain 


|h te | 


V CE = 15Vdc 

I c = 30 mAdc, f = 100 mc 


3 








Collector Output Capacitance 


C ob 


V CB =15Vdc, I E =0, 
f = 100 kc 






6 


pf 




Power Output 


out 


P. = 400 mW max, f = 250 mc 
in 

V-_ = 25 Vdc, I„, ,= 176 mA 
CE ' C(max) 


2. 2 






Watts 


Power Gain 


G 

e 


7.4 






db 


Efficiency 




50 






% 



*Pulse Width = 100 /xsec, Duty Cycle = 2% 
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RF Transistors 



2N3323 (GERMANIUM) 
2N3324 



2N3325 



Vcbo = 35 V 

G e = 11 db@ lOOMc 




CASE 22 

(TO- 18) 



MAXIMUM RATINGS 



PNP germanium epitaxial transistors for FM RF, 
IF, mixer and oscillator and AM RF, IF and converter 
applications. 

Collector connected to case 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V 

v CBO 


35 


Volts 


Collector- Emitter Voltage 


v 


35 


Volts 


Emitter-Base Voltage 


V 

EBO 


3.0 


Volts 


Collector Current 


l c 


100 


mA 


Total Device Dissipation 

25 °C Case Temperature 
Derate Above 25° C 


p c 


300 
4 


mW 

mW/°C 


Total Device Dissipation 

25 °C Ambient Temperature 
Derate Above 25 °C 


P D 


150 
2 


mW 
mW/°C 


Junction Temperature 


T J 


+100 


°C 


Storage Temperature Range 


T . 

stg 


-65 to +100 


°c 



POWER GAIN AND AC CURRENT GAIN versus FREQUENCY £ 



































































































. C 
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V 


CE 




OVc 


c 




















- 3 niAd 


c 


























1 


- 

















































1.0 2.0 4.0 6.0 10 20 40 60 100 200 
f, FREQUENCY (mc) 
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RF Transistors 

2N3323 thru 2N3325 (Continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Conditions 


Mm 


Typ 


Max 


Unit 


Collector-Emitter 
Breakdown Voltage 


CER 


I c = 100 A/Adc, R BE = 10K 


35 


40 




Vdc 


Collector-Emitter 
Current 


*CES 


V CE = 35Vdc, V BE = 0 






100 


//Adc 


Collector Cutoff 
Current 


^BO 


V CB = 10Vdc, I E = 0 




0.5 


10 


^Adc 


Emitter Cutoff 
Current 


*EBO 


V EB = 2Vdc, I c = 0 






100 


//Adc 


DC Current Gain 


r Hi 


V CE = 10 Vdc, I c = 3 mAdc 


30 




200 


















AC Current Gain 


h 

n fe 


V CE = 10 Vdc ' l C = 3 mAdc 
f = 1 kc 


30 




225 




Current-Gain — 
Bandwidth Product 


f 

l T 


V CE = 10 Vdc, I c = 3 mAdc 
f = 100 mc 


200 




600 


mc 


Colle ctor - Base 
Time Constant 


r b c c 


V CE = 10 Vdc ' X C = 3 mAdc 
f = 31. 8 mc 




50 


100 


psec 


Output Capacitance 


C ob 


V r „ = 10Vdc, I =0 
CE ' E 

f = 100 kc 




2.2 


3.0 


Pf 


Maximum Frequency 
of Oscillation 


f 

max 


V CE = 10 Vdc ' l C = 3mAdc 




500 




mc 


Input Resistance, 
Parallel Equivalent 


R. 
le 


V CE = 10 Vdc ' 1 C = 3 mAdc 
f = 10 mc 




1200 




ohms 


Output Resistance, 
Parallel Equivalent 


R 

oe 




11 




kohms 


Input Resistance, 
Parallel Equivalent 


R. 

le 


V CE = 10 Vdc ' J C = 3 mAdc 
f = 100 mc 




100 




ohms 


Output Resistance, 
Parallel Equivalent 


R 

oe 




1.0 




kohms 


2N3323 


Power Gain 


G 
e 


Test Circuit Figure 1 

V CE = 10 Vdc ' l C = 3 mAdc 
f = 100 mc 


11 




15 


db 


2N3324 


Power Gain 


G 
e 


Test Circuit Figure 2 

V CE ~ 10 Vdc> X C = 3 mAdc 
f = 10 mc 


24 




31 


db 
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RF Transistors 



2N3323 thru 2N3325 (Continued) 



FIGURE 1: 100MC POWER GAIN TEST CIRCUIT - 2N3323 




FIGURE 2: 10MC POWER GAIN TEST CIRCUIT - 2N3324 



51 pf 61 P» 




I, — 24 TURNS OF #28 AWG WIRE. 

LOAD TAP — 5 TURNS FROM COLLECTOR END 
SUPPLY TAP — 15 TURNS FROM COLLECTOR END 
NEUTRALIZATION — 9 TURKS 
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RF Transistors 



2n3375 

2N3553 
2N3632 
2N3961 




CASE 79 

(TO-39) 

2N3553 



*CASE 24 

(TO-102) 



2N3961 



V CB = 65 V 
l c = 1.0-3.0 A 
P D = 7-23 W 




"CASE 36 

(TO-60) 

2N3375 
2N3632 



*Collector connected to case; 
stud isolated from case 



*Emitter connected to case; 
stud isolated from case 



NPN silicon RF Power transistors, optimized for 
large-signal power amplifier and driver applications to 
400 Mc, provide wide choice of power levels and guar- 
anteed safe operating areas. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


2N3375 


2N3553 


2N3632 


2N3961 


Unit 


Collector-Base Voltage 


V CB 


65 


65 


65 


65 


Vdc 


Emitter-Base Voltage 


V EB 


4 


4 


4 


4 


Vdc 


Collector- Emitter Voltage 


V CEC 


40 


40 


40 


40 


Vdc 


Collector Current 


l C 


1.5 


1.0 


3.0 


1.0 


Adc 


Power Dissipation @ T r = 25°C 


P D 


11.6 


7.0 


23 


10 


Watts 


Derate above 25°C u 




66.4 


40 


131 


57.2 


mW/°C 


Junction Temperature 


T J 


200 e» 


°C 


Storage Temperature Range 


T 

stg 


-a 65 to +200 s*. 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Conditions 


Symbol 


Min 


Typ 


Max 


Unit 


STATIC CHARACTERISTICS 


Collector Cutoff 
Current 


V CE = 65 Vdc ' V BE = " L 5 Vdc ' 

2N3375, 2N3553 
2N3632 

V CE = 30 Vdc ' V BE = _1 - 5 Vdc « T C = 200 ° c 

2N3375, 2N3553 
2N3632 


! CEX 






1.0 
5.0 

5 

10 


mAdc 


Collector Cutoff Current 


= 30 Vdc, I n = 0 2N3375, 2N3553 
CE B 2N3632 


X CEO 






0.1 
0.25 


mAdc 
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RF Transistors — 

2N3375, 2N3553, 2N3632, 2N3961 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Conditions 


Symbol 


Min 


TVP 


Max 


Unit 


Collector Cutoff Current 


V rn = 65 Vdc, 1^=0 2N3632 
^ B 2N3961 

V CB = 28 Vdc, I £ = 0, T A = 150°C 

2N3961 


! CBO 






0.5 
1.0 

5.0 


mAdc 


Emitter Cutoff Current 


V rn = 4.0 Vdc, l n = 0 2N3375, 2N3553 
bB c 2N3632 


T EBO 




: 


0.1 
0.25 


mAdc 


Collector- Emitter 
Open- Base 
Sustaining Voltage* 


I c = 200 mAdc, Ig = 0 2N3375, 2N3553, 2N3632 
I c = 400 mAdc, I fi = 0 2N3961 


BV CEO(sus)* 


40 
40 






Vdc 


Emitter-Base 
Breakdown Voltage 


I £ = 0. 1 mAdc, I c = 0 2N3375, 2N3553 
I E = 0.25 mAdc, I c = 0 2N3632 
I E = 1.0 mAdc, I c = 0 2N3961 


BV EBO 




- 


- 


Vdc 


DC Current Gain 


I c = 250 mAdc, V C£ = 5 Vdc 

2N3375, 2N3553, 2N3632 
I c = 1.0 Adc, V CE = 5 Vdc 

2N3632 


h FE 


10 
5 






. 


Collector- Emitter 
Saturation Voltage 


I c = 250 mAdc, I B = 50 mAdc 

2N3553 

I c = 500 mAdc, I fi = 100 mAdc 

2N3375, 2N3632 


V CE(sat) 






1.0 
1.0 


Vdc 


Base T Emitter 

Saturation Voltage 


I c = 1.0 Adc, V C£ = 5 Vdc 

2N3632 


V BE(sat) 






1.5 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— 
Bandwidth Product 


I c = 100 mAdc, V CE = 28 Vdc, f = 100 mc 

2N3553 
2N3961 

I c = 150 mAdc, V CE = 28 Vdc, f = 100 mc 

2N3375 
2N3632 


h 


400 
400 


500 
500 

500 
400 




mc 


Output Capacitance 


V CB = 28 Vdc, I E = 0, f = 100 kc 
2N3961 

V CB = 30 Vdc ' l E = °» t= 100 kc 

2N3375, 2N3553 
2N3632 


C ob 




8 

8 
16 


10 

10 
20 


P* 


FUNCTIONAL TEST 

2N3375 


Common-Emitter Amplifier 
Power Gain 


Test Circuit Figure 7 

V CE = 28 Vdc ' P out = 7 5 watts » 1 = 100 mc 


G pe 


8.75 






db 


Power Input 


P in 






1.0 


Watt 


Collector Efficiency 




65 






% 


Common-Emitter Amplifier 
Power Gain 


Test Circuit Figure 8 


Se 


4.77 






db 


Power Input 


V CE = 28 Vdc, P Qut = 3 watts, f = 400 mc 


P in 






1.0 


Watt 


Collector Efficiency 




40 






% 


2N3553 


Common-Emitter Amplifier 
Power Gain 


Test Circuit Figure 9 

V CE = 28 Vdc, P QUt =2.5 watts, f = 175 mc 


Se 


10 






db 


Power Input 


P in 






0.25 


Watt 


Collector Efficiency 




rj 


50 






% 


2N3632 


Common-Emitter Amplifier 
Power Gain 


Test Circuit Figure 10 

V CE = 28 Vdc, P QUt = 13. 5 watts, f = 175 mc 


V 


5.86 






db 


Power Input 


P in 






3.5 


Watts 


Collector Efficiency 






70 






% 


2N3961 






Common-Emitter Amplifier 
Power Gain 


Test Circuit Figure 11 

V CE =12.5Vdc, P out = 2watts, 

Rg = 50 ohms, R L = 50 ohms, f = 135 mc 




6 






db 


Power Input 


P in 






0.5 


Watt 


Collector- Efficiency 


n 


60 






% 


Common-Emitter Amplifier 
Power Gain 


Test Circuit Figure 12 

V C£ = 28 Vdc, P Qut = 4 watts, 

Rg = 50 ohms, R L = 50 ohms, f = 175 mc 




9 






db 


Power Input 


P in 






0.5 


Watt 


Collector- Efficiency 




60 






% 



9-70 



RF Transistors 



2N3375, 2N3553, 2N3632, 2N3961 (continued) 

POWER OUTPUT versus FREQUENCY 

COMMON EMITTER - V CE = 28 Vdc, T c = 25°C 



FIGURE 1— 2N3375 FIGURE 2 — 2N3553 




100 150 200 250 300 400 50 75 100 150 200 300 400 

f, FREQUENCY (mc) f, FREQUENCY (mc) 




BV CEO [ t us) PULSE TEST CIRCUITS 
FIGURE 5 — 2N3375, 2N3553, 2N3632 FIGURE 6 — 2N3961 

TO 
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RF Transisiors 



2N3375, 2N3553, 2N3632, 2N3961 (continued) 



FIGURE 7 - 



100 mc 



TEST CIRCUITS 
2N3375 




.j* 11 ! xi 

+28 V 



L,:3T No. 16 wire %" I.D.,5/16" long 
L 2 : 5T No. 16 wire 5/16" I.D.,7/16" long 



FIGURE 8 — 400 mc 

) +28V 



BIAS 
TEE 




2- 
STUB 
TUNER 


50S2 

/-N J 










2N3553 
FIGURE 9— 175 mc 



2N3632 
FIGURE 10— 175 mc 




L,:2T No. 16 wire 3/16" I.D., %" long 
L 2 : 2T No. 16 wire 3/16" I D., l A" long 
L 3 : 3T No. 16 wire %" I.D., %" long 



^Ts 0.005 jitf 
+28 V 



6 +28V 



L,, L 3 : 4T No. 18 wire WI.D., 3/16" long 
L 2 : IT No. 16 wire %" I.D., 3/16" long 
U: 2V4T No. 16 wire l A" I.D., Va" long 



2N3961 



R s = 50fl 



FIGURE 11 — 135 mc 

2N3961 — 



FIGURE 12—175 mc 



R L = son 




Ci. C 3 = 5-50 pf 
C 2 = 7-100 pf 
C 4 = 1-30 pf 
C 5 = 1000 pf 
C 6 = 0.02 M f 



(Air Variable) 
(Air Variable) 
(Air Variable) 
(Disc Ceramic) 
(Disc Ceramic) 
L| = 3TNo. 16 wire, 5/ 16" I.D.,5/16" long 
L 2 = 5T No. 16 wire, 7/16" I.D., W long 



= "=■ O +28V 



L,.L 3 .U. 



1-12 pf 


(Air Variable) 


1-30 pf 


(Air Variable) 


5-50 pf 


(Air Variable) 


7-75 pf 


(Air Variable) 


470 pf 


(Disc Ceramic) 


0.001 jut 


(Disc Ceramic) 


. 2T No. 18 enameled wire 




Vn" I.D.,air wound 3/16" long 




. RFC. Qu < 1 
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RF Transistors 



2n3544 (silicon) £«o 10 2 ^ @ 1000 Me 




NPN silicon annular transistor for VHF and UHF 
oscillator applications. 

Collector connected to case 



MAXIMUM RATINGS 



Charactoristic 


Symbol 


Pat inn 
iNdTlliy 


Unit 


Collector-Base Voltage 


V 

CBO 


25 


Volts 


Collector -Emitter Voltage 


V CES 


25 


Volts 


Emitter-Base Voltage 


v 

EB 


3.0 


Volts 


Collector Current 


l C 


100 


mA 


Power Dissipation @ T c = 25 °C 
Derate above 25° C 


P C 


400 
2.67 


mW 
mW/°C 


Power Dissipation @ T A = 25 °C 
Derate above 25° C 


P D 


300 
2.0 


mW 

mW/°C 


Junction Temperature 


T J 


+175 


°C 


Storage Temperature 


T 

stg 


-65 to +175 


°c 



TEST CIRCUIT 



50« ADJUSTABLE LINE 




NOTES: 

1. SETV CC = 12Vdc. 

2. ADJUST V„ FOR l c = 12 mAdc. 

3. SET ADJUSTABLE LINE FOR 
MAXIMUM POWER OUTPUT. 
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2N3544 (continued) 



RF Transistors 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


A/lax 


Unit 


Collector -Base 
Breakdown Voltage 


BV CBO 


I c = 10 /iAdc, I E = 0 


25 


30 




Vdc 


Collector -Emitter 
Breakdown Voltage 


BV CES 


V 10 "* V BE =0 


25 


30 




Vdc 


Collector Cutoff Current 


! CBO 


V CB = 15Vdc, I E = 0 




0.01 


0.1 


MAdc 


Emitter Cutoff Current 


r EBO 


V EB = 3Vdc > l C =0 




0.1 


10 


l±Adc 


DC Current Gain 


h FE 


V CE = 10 Vdc, I c =10 mAdc 


25 


50 








AC Current Gain 


l h fel 


V n „ = 10 Vdc, l n =10 mAdc, 
Cfci u f = 100 mc 


6 


9 


15 




Collector Output Capacitance 


C ob 


V = 15 Vdc, I = 0, 
LB E f = 100 kc 






2.5 


pF 


Collector -Base Time Constant 


V C c 


V ot3 = 10 Vdc,I n = 10 mAdc, 
CB ' Cf = 3i.8mc 






10 


psec 




Oscillator Power Output 


P . 

out 


f = 1000 mc, V^ = 12 Vdc, 
I c =12mAdc c 


10 


16 




mW 



2N3553 (SILICON) 

2n3632 

For Specifications, See 2N3375 Data Sheet 
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RF Transistors 

> 250 Mc 



2N3664 (SILICON) GpE = 7A db @ 250 Mc 

iNgW1 (5IUCON) P a = 2.2 W @ 250 Mc 



NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 



CASE 24 

(TO-102) 



Collector connected to case; 
stud isolated from case 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector Base Voltage 


v 

V CBO 


60 


Vdc 


Collector Emitter Voltage 


v 

V CES 


60 


Vdc 


Collector Emitter Voltage 


v 

V CEO 


40 


Vdc 


Emitter Base Voltage 


v 

V EBO 


4 


Vdc 


Collector Current (Continuous) 


l C 


0.5 


Adc 


Base Current (Continuous) 


*B 


0.1 


Adc 


Power Dissipation 

@ 25° C Case Temperature 
@ 25 °C Ambient Temperature 


P D 


5.0 
1.0 


Watts 
Watts 


Operating Junction Temperature 
Storage Temperature Range 


T. 

stg 


200 
-65 to +200 


°C 



+V n „ TEST CIRCUIT 




L t : 2T No. 14 tinned wire 5/16" ID, 1/4" long 
L 2 : 2T No. 14 tinned wire 3/8" ID, 3/16" long 

Note 1: Use a 0. 100" pin circle teflon socket with the emitter 
grounded to the chassis at the top of the socket. 

When making RF power test, the device must be provided 
with an adequate heat sink. 
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RF Transistors 

2N3664 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector -Emitter Sustain Voltage 
I c = 30nxA.dc, R BE = 0 ohms 


V CES (sus)* 


60 




Vdc 


Collector -Emitter Open Base Sustain Voltage 
I c = 30mAdc, I B = 0 


V CEO (sus)* 


40 




Vdc 


Collector-Emitter Cutoff Current 

V CE = 25Vdc, V fiE = 0, T c = +150°C 


X CES 




50 


juAdc 


Collector-Emitter Cutoff Current 
V CE = 25Vdc, V BE - 0 


*CES 




0.05 


nAdc 


Collector -Emitter Cutoff Current 
V CE = 50Vd C> V BE = 0 


X CES 




10 


pAdc 


Emitter Cutoff Current 
V EB = 4Vdc, I c - 0 


X EBO 




100 


/iAdc 


DC Current Gain 

V C£ = 2Vdc, I c = 250mAdc 

V CE = 2Vdc, I Q = 50mAdc 


h FE 


8 
8 


80 




Collector -Emitter Saturation Voltage 
I c = 250mAdc, Ig = 50mAdc 


V CE (sat) 




0.75 


Vdc 


Base -Emitter Saturation Voltage 
I c = 250mAdc, I fi = 50mAdc 


V BE (sat) 




1.2 


Vdc 


Small Signal Current Gain 

V CE = 15Vdc > J c = 100mAdc > f = 100mc 


l h fel 


3 






Common Base Output Capacitance 
V CB = 15Vdc > X E = °» f = 100kc 


C ob 




6.0 


Pf 


Power Output 


P. = 400 mw, f = 250 mc 
in 

V CE = 25 Vdc 


p ** 
out 


2.2 




Watts 


Power Gain 


G PE 


7.4 




db 


Efficiency 




50 




% 



♦Pulse width s 200 M sec Duty cycle < 2% 

**In functional test P , is fixed at 2. 2 watts and P. is monitored to be -s 400 mW. 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance - Junction 
to Case 


*JC 


35 


°c/w 


Thermal Resistance - Junction 
to Air 


*JA 


175 


°c/w 
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RF Transistors 



2N3733 (SILICON) V CE o = 40Vdc 

P out = 10W@400mHz 
77 = 45min @ 400 mHz 




NPN silicon transistor designed for amplifier, fre- 
quency multiplier, and oscillator applications. 



CASE 36 

(TO-60) 
stud isolated from case 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


v 

V CEO 


40 


Vdc 


Collector-Emitter Voltage 
( V EB(off) = 1 - 5Vdc ' 


V CEV 


65 


Vdc 


Collector-Base Voltage 


V CB 


65 


Vdc 


Emitter-Base Voltage 


V 

EB 


4 


Vdc 


Collector Current 


l c 


3 


Amps 


Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 


P D 


23 
0. 13 


Watts 
W/°C 


Operating and Storage Junction Temperature Range 


T J> T stg 


-65 to +200 


°c 



FIGURE 1 - 400-MHz TEST CIRCUIT 



+V CC = 28V 



0=^ 



Z L = 50Q 
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2N3733 (continued) 



RF Transistors 



ELECTRICAL CHARACTERISTICS (Tc = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



OFF CHARACTERISTICS 



Collector-Emitter Breakdown Voltage* 
(I c = 0 to 200 mAdc, Ig = 0) 


BV * 


40 






Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 0 to 200 mAdc, V EB(of{) = 1.5 Vdc) 


BV CEV* 


65 






Vdc 


Collector-Base Breakdown Voltage 
(I c = 0. 5 mAdc, I £ = 0) 


BV CBO 


65 






Vdc 


Emitter-Base Breakdown Voltage 
(I E = 0.25 mAdc, I c = 0) 


BV EBO 


4 






Vdc 


Collector Cutoff Current 
(V CE = 30 Vdc, I B = 0) 


r CEO 






0.25 


mAdc 



ON CHARACTERISTICS 



Collector-Emitter Saturation Voltage 
(I c = 500 mAdc, Ig = 100 mAdc) 


V CE(sat) 






1 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 150 mAdc, V CE = 28 Vdc, f = 100 MHz) 


f T 




400 




MHz 


Output Capacitance 

(V CB = 30 Vdc, I E = 0) 


C ob 






20 


pF 


Collector-Case Capacitance 


C s 






6 


pF 


Base -Spreading Resistance 

(I c = 250 mAdc, V C£ = 28 Vdc, f = 200 MHz) 


r bb 




6.5 




Ohms 


FUNCTIONAL TEST 


Power Output 


V CE = 28Vdc, P in = 4W, 
f = 260 MHz 


p 

*out 




14.5 




Watts 


Efficiency 






60 




% 


Power Output 


V CE = 28Vdc, P in = 4W, 
f = 400 MHz (Figure 1) 


P 

out 


10 






Watts 


Efficiency 




45 






% 



*Pulsed through a 25 mH inductor; duty cycle = 50% 
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RF Transistors 



2N3783 thru 2N3785 
(GERMANIUM) 



V CB0 = 15-30 V 

G e = 1 8-20 db@ 200 Mc 

NF = 2.2-2.9 db @ 200 Mc 




PNP germanium epitaxial mesa transistors for high- 
gain, low-noise amplifier, oscillator and frequency 
multiplier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N3783 
2N3784 


2N3785 


Unit 


Collector-Base Voltage 


V CBO 


30 


15 


Vdc 


Collector-Emitter Voltage 


V CES 


30 


15 


Vdc 


Collector- Emitter Voltage 


V CEO 


20 


12 


Vdc 


Emitter-Base Voltage 


v EBO 


0.5 


Vdc 


Collector Current 


*C 


20 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


p D 


150 
2 


mW 
mW/°C 


Junction Operating & Storage Temperature 
Range 


T stg 


-65 to +100 


°C 



FIGURE 1 — 200 MC TEST CIRCUIT: POWER GAIN & NOISE FIGURE. 



i-j 

n 



S7?2 -8 Pf 



SHIELD 
I 

CN 



0.7 -9* pf 



_ J i ($) 50Q 

•ZR 0.7-9* pf ^ R L 

< 2-8 pf 



11- 



470 pf 




i 0.001 yxf 



L-l Va inch inside diameter, Vi inch length, 4 turns #20 solid copper wire, center tapped. 

T-l V* inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 ratio 
bi-filler wound. 

* High Quality piston type capacitor. 

Distance from emitter contact of transistor to ground side of bypass capacitor 
should be kept minimum. 



6 

Ycc 
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RF Transistors 

2N3783 thru 2N3785 (continued) 



ELECTRICAL CHARACTERISTICS <Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector-Base 
Breakdown Voltage 


BV CBO 


*c = 


-100 MAdc, I E = 0 


2N3783, 2N3784 
2N3785 


-30 
-15 


- 


- 


Vdc 


Collector- Emitter 
Breakdown Voltage 


BV CES 


ic = 


-100 nAdc, V EB = 0 


2N3783, 2N3784 
2N3785 


-30 
-15 


- 


- 


Vdc 


Collector-Emitter 
Breakdown Voltage 


BV CEO 


!C = 


-2 mAdc, Ig = 0 


2N3783, 2N3784 
2N3785 


-20 
-12 




= 


Vdc 


Emitter-Base 
Breakdown Voltage 


BV EBO 


l£ = 


-100 fiAdc, I c = 0 


All Types 


-0. 5 






Vdc 


Collector Cutoff Current 


*CBO 


V C B 


= -10 Vdc, I E = 0 


All Types 






-5 


/iAdc 






v CB 


= -10 Vdc, I E = 0, T A = 455°C 


2N3783, 2N3784 


- 


- 


-50 




Emitter Cutoff Current 


! EBO 


V EB 


= -0.5 Vdc, 1q= 0 


All Types 






-100 


/xAdc 


DC -Eorward Current 
Transfer Ratio 


h FE 


V CE 


= -10 Vdc, I c = -3 mAdc 


2N3783, 2N3784 
2N3785 


20 
15 


- 


200 
200 


- 


Collector-Emitter 
Saturation Voltage 


V CE(sat) 


ic = 


-5.0 mAdc, I fi = -1.0 mAdc 


2N3783, 2N3784 
2N3785 




- 


-0.25 
-0.35 


Vdc 


Base-Emitter 
Saturation Voltage 


V BE(sat) 


l C = 


-5.0 mAdc, I B = -1.0 mAdc 


2N3783, 2N3784 
2N3785 




- 


-0.55 
-0.65 


Vdc 


Small-Signal Forward 
Current Transfer Ratio 


h fe 


l C = 


-3 mAdc, V CE = -10 Vdc, f = 1 kc 


2N3783, 2N3784 
2N3785 


20 
15 




200 
200 




Current Gain - 
Bandwidth Product 


f r 


!C = 


-3 mAdc, V CE = -10 Vdc, f = 200 mc 


2N3783 

2N3784, 2N3785 


800 
700 


- 


1600 
1600 


mc 


Collector-Base 
Time Constant 


r b C c 


VCB 


= -10 Vdc, I E = +3 mAdc, f = 31.8 mc 


2N3783, 2N3784 
2N3785 


1 
1 


- 


6 

10 


psec 


Collector-Base 
Capacitance 


c ob 


V CB 


= -10 Vdc, I E = 0, f = 100 kc 


2N3783, 2N3784 
2N3785 


- 


- 


1.0 
1.2 


pf 


Power Gain 


G e 


V CE 


= -10 Vdc, I c = -3 mAdc, f = 200 mc 


2N3783, 2N3784 
2N3785 


20 
18 




33 
33 


db 


Noise Figure 


NF 


V CE 
R G = 


= -10 Vdc, I c = -3 mAdc, f = 200 mc 
50 ohms 


2N3783 
2N3784 
2N3785 






2.2 
2.5 
2.9 


db 


Power Gain (AGC) Note 1 


G e (AGC) 


V CE 


= -10 Vdc, I c = -15 mAdc, f = 200 mc 


2N3783 

2N3784, 2N3785 




0 


0 


db 


Noise Figure 


NF 


V CE 
R G = 


= -10 Vdc, I c = -3 mAdc, f = 1000 mc 
50 ohms (Note 2) 


2N3783 
2N3784 
2N3785 




7.0 
7.5 


6.5 


db 



NOTE 1: AGC is obtained by increasing I c . The circuit remains adjusted for V CE = -10 Vdc and T c = -3 mAdc. 

NOTE 2: This Noise Figure was obtained using Hewlett-Packard Type 342A Noise Figure Meter and Type 349A Noise Source. 



NORMALIZED DC CURRENT GAIN CHARACTERISTICS 




-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -20 -30 

Ic, COLLECTOR CURRENT (rnA) 
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RF Transistors 



2N3783 thn2N3785 (continued) 



y,., INPUT ADMITTANCE 
CHARACTERISTICS 

(T A = 25° C unless otherwise noted) 

INPUT ADMITTANCE versus FREQUENCY 



1 1 1 1 1 


















VCE = " 


1 1 

-lOVdc 




I 








■c - 






























































































* 














































rb 







































200 300 500 700 1000 

f, FREQUENCY (mc) 



INPUT ADMITTANCE versus COLLECTOR CURRENT 



50 
40 

j 30 
I 20 



! w 

c 

-10 
-20 



1 1 

f = 200mc 












VCE 


= -iuv 


dc 












































— ^ 




























..... ^ 





















-4 -6 -8 -10 
lc, COLLECTOR CURRENT (mA) 



-12 -14 -15 



INPUT ADMITTANCE versus COLLECTOR CURRENT 



VCE 


1000 m 

= — 10 V 


i 

c 

dc 


































































bi. 



























-6 -8 -10 -12 
:, COLLECTOR CURRENT (mA) 



y n , REVERSE TRANSFER ADMITTANCE 
CHARACTERISTICS 

(T A = 25° C unless otherwise noted) 

REVERSE TRANSFER ADMITTANCE versus FREQUENCY 



V CE = -10Ydc 
— I c = -3 mAdc - 



/ 



50 70 100 



200 300 
f, FREQUENCY (mc) 



500 700 1000 



REVERSE TRANSFER ADMITTANCE versus COLLECTOR CURRENT 



1 1 

f = 200 mc 

Vrr = -10VdC 






































- -b„ - 























































"0 -2 -4 -6 -8 -10 -12 -14 -16 
Ic, COLLECTOR CURRENT (mA) 



REVERSE TRANSFER ADMITTANCE versus COLLECTOR CURRENT 



3.0 

| 2.5 

e 
.§ 

H 2.0 

E 
s 

a 1.5 
| 

£ i.o 



















f = 

VCE 


1000 m 

= — 10 V 


c 

dc 






-b r . 
















































_-gr. 





















-4 -6 -8 -10 -12 -14 -16 
Ic, COLLECTOR CURRENT (mA) 
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RF Transistors 



2N3783 thru 2N3785 (continued) 



y f ., FORWARD TRANSFER ADMITTANCE 
CHARACTERISTICS 

(T A = 25° C unless otherwise noted) 

FORWARD TRANSFER ADMITTANCE versus FREQUENCY 




FORWARD TRANSFER ADMITTANCE versus COLLECTOR CURRENT 



S 45 



1 1 

f = 200 mc 

V CE = -10Vdc 





























































































-6 -8 -10 -12 -14 -16 
l Cl COLLECTOR CURRENT (mA) 



FORWARD TRANSFER ADMITTANCE versus COLLECTOR CURRENT 



S 15 



| 10 



f = 1000 mc 

V CE = -10Vdc 




























/ 




- — ■ 


























gf. 






























-bf. 

1 



0 -2 -4 -6 -8 -10 -12 -14 -16 
l c , COLLECTOR CURRENT (mA) 



y^, OUTPUT ADMITTANCE 
CHARACTERISTICS 

CTa = 25° C unless otherwise noted) 

OUTPUT ADMITTANCE versus FREQUENCY 



■§ 8.0 































/ 












Vc 

lc 


= -K 

= — 3 IT 


Vdc 
lAdc 












/ 




























/ 


















































































g.. 



































50 70 100 



200 300 
f, FREQUENCY (mc) 



500 700 1000 



OUTPUT ADMITTANCE versus COLLECTOR CURRENT 



f = 200mc ' 

V CE = -10Vdc 


















































b 
































I 























0 _ 2 -4 -6 -8 -10 -12 -14 -16 
l c , COLLECTOR CURRENT (mA) 



OUTPUT ADMITTANCE versus COLLECTOR CURRENT 



£ 10 

1 



f = 1000mc 

V CE = -10Vdc 








































— -b 0 . 
































































go. 


0 -2 -4 -6 -8 


10 


12 -14 -1 



I c , COLLECTOR CURRENT (mA) 
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RF Transistors 

2N3783 thru 2N3785 (continued) 





9-83 



RF Transistors 



2N3818 (SILICON) ««= f^if^ 1 ,^ TyP 

P Q = 15 W @ 100 Mc 




NPN silicon annular transistor for high-frequency 
power applications to 150 Mc. 

All leads isolated from case 



CASE 36 

(TO-60) 



MAXIMUM RATINGS * 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


V 

V CBO 


60 


Vdc 


Collector -Emitter Voltage 


v 

V CES 


60 


Vdc 


Emitter-Base Voltage 


V 

EB 


4 


Vdc 


Collector -Current (continuous) 


x c 


2.0 


Adc 


Base -Current (continuous) 


*B 


1.0 


mAdc 


Power Input (Nominal) 


P. 
in 


5.0 


Watts 


Power Output (Nominal) 


P . 
out 


20.0 


Watts 


Total Device Dissipation 
@ 25 °C Case Temperature 

Derating Factor above 25 °C 


P D 


25.0 
167 


Watts 

mW/°C 


Junction Temperature 


T J 


175 


°C 


Storage Temperature 


T 

stg 


-65 to +175 


°C 



* The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical 
characteristics. 
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RF Transistors 



2N3818 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


A/lin 


Typ 


Max 


Unit 


Collector -Emitter Sustain Voltage 
I c = 0.25Adc, R BE = 0 


V CES{sus)* 


80 


100 


~" 


Vdc 


Collector-Emitter-Open Base Sustain 
Voltage 

I c = 0.25 Adc, I B = 0 


V CEO(sus)* 


40 


-- 


-- 


Vdc 


Collector -Emitter Current 
V CE = 60Vdc, V BE =0 

V ^ = 50 Vdc, V„^ =0, = 175°C 
CE 'BE ' C 


^ES 


-- 


-- 


0.5 
1.0 


mAdc 


Collector Cutoff Current 

v CB = so vdc, ij, = q 


X CBO 


-- 


-- 


1 


7/Adc 


Emitter Cutoff Current 
V EB = 4VdC > "C" 0 


J EBO 


-- 


-- 


100 


fiAdc 


DC Current Gain 

I c = 400 mAdc, V CE = 2 Vdc 

I c = 1 Adc, V CE = 2 Vdc 


h FE 


5.0 
5. 0 


-- 


50 




Collector -Emitter Saturation Voltage 
I c = 1.0 Adc, I B = 250 mAdc 


V CE(sat) 






0.5 


Vdc 


Base -Emitter Saturation Voltage 
I c = 1.0 Adc, I B = 250 mAdc 


V BE(sat) 






2.0 


Vdc 


AC Current Gain 
■V„„ = 2.0 Vdc, I 0 = 400 mAdc, 
f = 50 mc 


l h fel 


3 


- 


-- 




Collector Output Capacitance 

V CB = 25 Vdc, I £ = 0, f = 100 kc 


C ob 






40 


Pf 


Power Input 


P . = 15 W, f = 100 mc 
out ' 

V CE = 25Vdc 
^(max.) = 1 Adc 


P in 




3.0 


3.75 


Watts 


Efficiency 




60 


70 




% 



♦Pulse Measurement: Pulse Width < 100 jusec, Duty Cycle = 
POWER OUTPUT versus COLLECTOR VOLTAGE 

20 



POWER OUTPUT versus POWER INPUT 

































p 
f 


m = 2.5V 
= 100 n 


J 

ic 








T 


c =25C 





0 5 10 15 20 25 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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RF Transistors 



2N3866 (SILICON) 





V CB = 55V 
l c = 0.4A 
P D = 5.0W 



CASE 79 

(TO-39) 



NPN silicon transistor, designed for amplifier, fre- 
quency-multiplier, or oscillator applications in mili- 
tary and industrial equipment. Suitable for uses as out- 
put, driver, or pre -driver stages in VHF and UHF 
equipment. 



Collector connected to case 
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Emitter Voltage 


v 

CEO 


30 


Vdc 


Collector -Base Voltage 


V CB 


55 


Vdc 


Emitter- Base Voltage 


v 

EB 


3.5 


Vdc 


Collector Current 


r c 


0.4 


Amp 


Total Device Dissipation @ T c = 25° C 


P D 


5 


Watts 


Derate above 25° C 




28.6 


mW/°C 


Operating and Storage Junction 
Temperature Range 


T T , T , 
J stg 


-65 to +200 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector- Emitter Sustaining Voltage 
(I^ = 5 mAdc, I B = 0) 


BV CEO(sus) 


JO 






Vdc 


Collector- Base Breakdown Voltage 
(I E = 0, I c = 0. 1 mAdc) 


BV CBO 


55 






Vdc 


Emitter-Base Breakdown Voltage 
(I £ = 0. 1 mAdc, I c = 0) 


BV EBO 


3.5 






Vdc 


Collector Cutoff Current 
(V CE = 28Vdc, ^=0) 


^EO 






20 


fiA 


ON CHARACTERISTICS 


DC Current Gain 

(I c = 0. 36 Adc, V CE = 5 Vdc) 

(I c = 0. 05 Adc, V CE = 5 Vdc) 


h FE 


5 

10 




200 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 25 mAdc, V CE = 15 Vdc, f = 200 MHz) 


f T 




800 




MHz 


Output Capacitance 

(V CB = 30 Vdc, I E = 0, f = 1 MHz) 


C ob 




2.0 


3.0 


pF 


FUNCTIONAL TEST 


Power Gain 


Test Circuit- Figure 1 

P. n = 0. 1 W, V CE = 28 Vdc 

f = 400 MHz, T c = 25°C 




10 






dB 


Power Output 


P 

out 


1.0 






Watts 


Collector Efficiency 


n 


45 
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RF Transistors 



2N3866 (continued) 




FIGURE 2 - POWER OUTPUT versus FREQUENCY 
(Class 0 



V CE = 28V 






1 1 i 
NOTE: COMMON-EMITTER 
CONFIGURATION USED, 










WITHOU 
EMITTER 


r TUNED 
TECHNIQUES 

1 




^ 50 


1 


)0mW 




Pi. =2 


00 mW 




25 mW" 























































200 300 400 500 

f, FREQUENCY (MHz) - 



FIGURE 4- PARALLEL INPUT RESISTANCE AND 
CAPACITANCE versus FREQUENCY (Class 0 



_V CE = 28V. 



EMITTER GROUNDED DIRECTLY TO CHASSIS 




300 400 500 
f. FREQUENCY (MHz) 



1.5 WATTS 
1.0 WATT _ 
1.0 WATT 
1.5 WATTS 

L_ 



FIGURE 3 - POWER OUTPUT versus POWER INPUT FIGURE 5 - PARALLEL OUTPUT CAPACITANCE 
(Class 0 versus FREQUENCY (Class 0 




P iB( POWER INPUT (mW) f, FREQUENCY (MHz) 
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RF Transistors 



2N3866 (continued) 





FIGURE 9 - r b 'C c versus COLLECTOR CURRENT 









f = 3 


.8 MHz 
















V CE =3Vdc 
lOVdc 










15Vdc 

















FIGURE 10 — DC CURRENT GAIN 
versus COLLECTOR CURRENT 

















V CE =15Vdc 


















5Vdc 

























l c , COLLECTOR CURRENT (mAdc) 



l c , COLLECTOR CURRENT (mAdc) 
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RF Transistors 



2N3866 (continued) 



y PARAMETER VARIATIONS 



FIGURE 11 - SMALL-SIGNAL INPUT ADMITTANCE FIGURE 13 - SMALL-SIGNAL FORWARD TRANSFER 
versus COLLECTOR CURRENT ADMITTANCE versus COLLECTOR CURRENT 
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l c . COLLECTOR CURRENT (mAdc) 

FIGURE 12 - SMALL-SIGNAL REVERSE TRANSFER 
ADMITTANCE versus COLLECTOR CURRENT 
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mi 
















V CE 
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I c . COLLECTOR CURRENT (mAdc) 



FIGURE 14 - SMALL-SIGNAL OUTPUT ADMITTANCE 
versus COLLECTOR CURRENT 

































V CE 


= 10V 
= 15V 
= 200 


Ic — 
dc — 
WHz 
















V CE 
f 






























































b.. 
















































































Eo. 





40 60 
l c , COLLECTOR CURRENT (mAdc) 



40 60 
l c , COLLECTOR CURRENT (mAdc) 



DESIGN NOTE 

Figures 11 through 18 show small-signal admittance-parameter data. This data can be used for 
Class A amplifier designs. 

For Class C power-amplifier designs, the small-signal parameters are not applicable. Figures 4 and 
5 give parallel output capacitance and the parallel input resistance and capacitance for Class C power- 
amplifier operation. 

The parallel resistive portion of the collector load impedance for a power amplifier, R L ', may be 
computed by assuming a peak voltage swing equal to V C c- and using the expression 

Vcc' 



2 P 



where P — RF power output. The computed R L ' may then be combined with the data in Figures 2 and 
3 to comprise complete device impedance data for Class C power amplifier design. 
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2N3866 (continued) 



RF Transistors 



y PARAMETER VARIATIONS 
(Vce = 15 Vdc, Ic = 80 mAdc, Ta = 25°C) 



FIGURE 15 



■ SMALL-SIGNAL INPUT ADMITTANCE 
versus FREQUENCY 



FIGURE 17 - SMALL-SIGNAL FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 




f, FREQUENCY (MHz) 



200 

f, FREQUENCY (MHz) 
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RF Transistors 



2n3924 thru2 N 3927 



V CB = 36 V 
lc = 0.5-3.0 A 
P D = 7.0-23.2 W 



NPN silicon annular RF power transistors, opti- 
mized for large- signal power- amplifier and driver 
applications, feature a wide choice of power levels. 





"CASE 79 *CASE 24 

(TO-39) (TO-102) 

2N3924 2N3925 




*Collector connected to case; 
stud isolated from case 



**Emitter connected to case; 
stud isolated from case 



**CASE 36 

(TO-60) 
2N3926 
2N3927 



MAXIMUM RATINGS (Ta= 25*C unless otherwise noted) 



Characteristic 


Symbol 


2N3942 


2N3925 


2N3926 


2N3927 


Unit 


Collector-Base Voltage 


V CB 


36 


36 


36 


36 


Vdc 


Emitter -Base Voltage 


V EB 


4 


4 


4 


4 


Vdc 


Collector- Emitter Voltage 


V CEO 


18 


18 


18 


18 


Vdc 


Collector Current 


l C 


0.5 


1.0 


1.5 


3.0 


Adc 


Power Dissipation @ T p = 25°C 
Derate above 25°C ^ 


P D 


7.0 
40 


10 

57.1 


11.6 
66.3 


23.2 
132.5 


Watts 
mW/°C 


Junction Temperature 


T J 


~* +200 


OC 


Storage Temperature Range 


T stg 


««a -65 to +200 


°C 



FIGURE 1 — 175 mc TEST CIRCUIT 




C1.C2.C4 ....5-50 pf (Airvariable) L| - 1% turns #14 tinned wire; 

r Tinnnf f4;r.,,,;,M„t H" 1.0. Air wound; winding length 3/ 16"; 

C * 7 - 100 P f (A,r vanabIe) base tapped 1 turn from ground 

C 5 470 pf (Disc ceramic) Lj _ R p C 

C * 01 ^ ®isc ceramic) L , _ 2 turns #14 tinned wire; 

C 7 001 /if (Disc ceramic) V*" 1.0. Air wound; 

winding length 3/16" 



FIGURE 2 — PULSE TEST CIRCUIT 

PULSED® 9 k 



60cps I i RELAY 

50% DUTY J j KtLflr 

CYCLE o— — p 




POWER 
SUPPLY 



T 





10X PROBE 




TEKTRONIX 




P6000 OR 




EQUIVALENT 


25 mh 




POWER 




SUPPLY 



TO 
SCOPE 
VERT. 

-o 

TO 

TEKTRONIX 

503 OR 
EQUIVALENT 



1S2 
-A/W- 



TO SCOPE 
HORIZONTAL 
SENSING 
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RF Transistors 



2N3924 thru 2N3927 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Conditions 


Symbol 


Min 


Typ 


Max 


Unit 


STATIC CHARACTERISTICS 


Collector Cutoff Current 


V nn = 15 Vdc, I~ = 0 2N3924 thru 2N3926 
LB 2N3927 

V rn = 15 Vdc, Ip = 0, Tj = 150°C 
LB * A 2N3924 thru 2N3926 
2N3927 


^BO 






0.1 
0.25 

5 

10 


mAdc 


Collector-Base Breakdown Voltage 


I c = 0. 25 mAdc, I £ = 0 2N3924 thru 2N3926 
I c = 0. 50 mAdc, I E = 0 2N39, 27 


BV CBO 


36 
36 






Vdc 


Emitter-Base Breakdown Voltage 


I E = 1.0 mAdc, I c = 0 2N3924 thru 2N3926 
I E = 2.0 mAdc, I c = 0 2N3927 


BV EBO 


4 
4 






Vdc 


Collector- Emitter Open-Base 
Sustaining Voltage* 


I c = 400 mAdc All Types 


BV CEO(sus)» 


18 






Vdc 


DYNAMIC CHARACTERISTICS 


High- Frequency Current Gain 


I„ = 100 mAdc, V^ = 13.6 Vdc, f = 100 mc 
c tJl 2N3924 thru 2N3926 

I~ = 200 mAdc, V nv = 13.6 Vdc, f = 100 mc 

Lfc 2N3927 


l h fel 




5 
5 






Common- Base Output Capacitance 


V Pn = 13. 6 Vdc, I~ = 0, f = 100 kc 
cti * 2N3924 thru 2N3926 
2N3927 


C ob 




12.5 
25 


20 
45 


pf 


FUNCTIONAL TEST 
2N3924 


Power Input 


Test Circuit Figure 1 
V CE = 13.6 Vdc, R s =50ohms, 
R L = 50 ohms, f = 175 mc, 
P out = 4 watts 


P in 






1 


Watt 


Common- Emitter 
Amplifier Power Gain 




6 


7.3 




db 


Collector Efficiency 


V 


70 






% 


2N3925 


Power Input 


Test Circuit Figure 1 
V CE = 13. 6 Vdc, R g = 50 ohms, 
R L = 50 ohms, f = 175 mc, 
P out = 5 watts 


p i„ 






1.3 


Watts 


Common- Emitter 
Amplifier Power Gain 


V 


5.84 


6.5 




db 


Collector Efficiency 


V 


70 






% 


2N3926 


Power Input 


Test Circuit Figure 1 
V CE = 13. 6 Vdc, R s = 50 ohms, 
R L = 50 ohms, f = 175 mc, 
P out = 7 watts 


P. 

in 






2 


Watts 


Common- Emitter 
Amplifier Power Gain 




5.44 


6.0 




db 


Collector Efficiency 




70 






% 


2N3927 


Power Input 


Test Circuit Figure 1 
V CE = 13. 6 Vdc, R s = 50 ohms, 
R L = 50 ohms, f = 175 mc, 
P out = 12 watts 








4 


Watt 


Common- Emitter 
Amplifier Power Gain 


V 


4.77 


5.0 




db 


Collector Efficiency 


V 


80 






% 



♦Pulsed thru a 25-mh inductor 
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RF Transistors 

2N3924 thru 2N3927 (continued) 



COMMON EMITTER CHARACTERISTICS @ T c = 25°C 



2N3924 



POWER OUTPUT versus FREQUENCY 



POWER OUTPUT versus POWER INPUT 
























V 


:e=15V 


















13.( 


Vdc 








/, 




Yf' 
















2 Vdc 
















: 


= 175 mi 







































0.5 1.0 1.5 

Pin, POWER INPUT (WATTS) 



2N3925 



POWER OUTPUT versus FREQUENCY 



POWER OUTPUT versus POWER INPUT 



% 5 



"= 












1— 

^-Pin = 3W- 
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1W 














\ 0.51 


















— — 














1 










— V 


13.6 Vdc 
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f. FREQUENCY (mc) 
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RF Transistors 



2N3924 thru 2N3927 (continued) 



COMMON EMITTER CHARACTERISTICS @ T C = 25°C 
2N3926 



POWER OUTPUT versus FREQUENCY 



POWER OUTPUT versus POWER INPUT 



I 5 

85 
1 





































= 3W- 
































-2W- 3 






































































0.5 W 




























Vc 




1.6 V 


dc 













































50 70 100 200 300 

f, FREQUENCY tmc) 




2N3927 - 



POWER OUTPUT versus FREQUENCY 



POWER OUTPUT versus POWER INPUT 



55 7 
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Vc 
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2 n 3961 



RF Transistors 

For Specifications, See 2N3375 Data Sheet 



2N 



4012 



(SILICON) 



CASE 36 

(TO-60) 




V CB = 65V 
l c = 1.5 A 
P D = 11.6W 



stud isolated from case 



NPN silicon annular transistor, designed for frequency - 
multiplication applications. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Emitter Voltage 


V CEO 


40 


Vdc 


Collector-Emitter Voltage 
' V EB(o£f) = 1 - 5VdC) 


V CEV 


65 


Vdc 


Collector -Base Voltage 


V CB 


65 


Vdc 


Emitter-Base Voltage 


v 

EB 


4 


Vdc 


Collector Current 


l c 


1.5 


Amps 


Total Device Dissipation @ = 25°C 
Derate Above 25°C 




11.6 
66.3 


Watts 
mW/°C 


Operating and Storage Junction Temperature Range 


T J> T st g 


-65 to +200 


°C 



FIGURE 1 — TRIPLER TEST CIRCUIT 




RFC, = 0.22 jxti 

RFC 2 = 0.33 OHMS, W.W. RESISTOR 

L, = 2 TURNS, %" DIAMETER, NO. 16 WIRE 

L 2 = 1/16" WIDTH COPPER STRIP, W LONG 

L 3 = 2 TURNS, %" DIAMETER, NO. 18 WIRE 

U = 1V4 TURNS, W DIAMETER, 1/16" COPPER STRIP 

OUTPUT CAVITY = VA" X 1%" X 2W' 

CENTER CONDUCTOR = W' 0D TUBE 

OUTPUT DIRECT COUPLE = 1" FROM SHORTED END 



f out — 1002 MHz < 
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RF Transistors 

2N4012 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
(I c = 0 to 200 mAdc, I fi = 0) 


BV CEO* 


40 






Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 0to 200 mAdc, V EB(off) = 1. 5 Vdc) 


BV CEV* 


65 






Vdc 


Collector-Base Breakdown Voltage 
(I c = 0.1 mAdc, I £ = 0) 


BV CBO 


65 






Vdc 


Emitter -Base Breakdown Voltage 
(I E = 0. 1 mAdc, I c = 0) 


BV EBO 


4 






Vdc 


Collector Cutoff Current 
(V CE = 30Vdc, I B = 0) 


^EO 






0. 1 


mAdc 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(I c = 500 mAdc, Ig = 100 mAdc) 


V CE(sat) 






1 


Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain — Bandwidth Product 

(I c = 150 mAdc, V CE = 28 Vdc, f = 100 MHz) 


f T 




500 




MHz 


Collector-Base Cutoff Frequency f 
(V CE = 28 Vdc, I c = 0) 


f c 




25 




GHz 


Output Capacitance 

(V CB = 30 Vdc, I E = 0) 


C ob 






10 


P F 


Base -Spreading Resistance 

(I c = 250 mAdc, V CE = 28 Vdc, f = 400 MHz) 


r bb' 




10 




Ohms 


FUNCTIONAL TEST 


Power Output 


Tripler (Test Circuit Figure 1) 

V C E = 28 Vdc, Pin = 1 W, f in = 334 MHz, 

f out = 1002 MHz 


P out 


2. 5 






Watts 


Efficiency 


'n 


25 






% 


Power Output 


Double r 

VcE = 28 Vdc, P in = 1 W, f in = 400 MHz, 
fout = 800 MHz 


p 

out 




3.0 




Watts 


Efficiency 


n 




35 




% 



♦Pulsed through a 25 mH inductor; duty cycle = 50% 

ff c is determined from Q measured at 210 MHz. f ^ = Q x 210 MHz. 
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RF Transistors 



2N4072 (SILICON) 

2N4073 




G PE = 10 dB @ 175 MHz 
P out to 500 mW @ 175 MHz 
t; = 50% @ 175 MHz 




NPN silicon annular transistors designed as ampli- 
fiers and drivers for large -signal VHF and UHF ap- 
plications. 

Collector connected to case 



CASE 22 CASE 31 

(TO-18) (TO-5) 
2N4072 2N4073 



MAXIMUM RATINGS 



Characteristic 


Symbol 


2N4072 


2N4073 


Unit 


Collector -Emitter Voltage 


v 

CEO 


20 


Vdc 


Collector -Base Voltage 


V CB 


40 


Vdc 


Emitter-Base Voltage 


V EB- 


4. 0 


Vdc 


Collector Current -Continuous 


l c 


100 


150 


mAdc 


Total Device Dissipation @ T. = 25 °C 
Derate Above 25 °C 


P D 


0.35 
2.0 




Watt 
mW/°C 


Total Device Dissipation @T C = 25°C 
Derate above 25 °C 


P D 




1.5 
8.57 


Watts 

mW/°C 


Operating Junction and Storage Temperature Range 


T J> T stg 


-65 to +200 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 



Symbol Min Typ Max 



STATIC CHARACTERISTICS 



Collector -Emitter Sustaining Voltage 
(I c =15 mAdc, I B = 0) 


BV CEO(sus) 


20 






Vdc 


Collector -Base Breakdown Voltage 
(I c = 0. 1 mAdc, I E = 0) 


BV CBO 


40 






Vdc 


Emitter-Base Breakdown Voltage 
(I E = 0. 1 mAdc, I c = 0) 


BV EBO 


4.0 






Vdc 


Collector Cutoff Current 
< V CB = 15 VdC > h = 0) 
< V CB = 15 Vdc ' h = °> T A = 15 °° C) 


! CBO 






0. 1 
100 


MAdc 


DC Current Gain 

(I c = 25 mAdc, V CE = 2 Vdc) 


h FE 


10 









DYNAMIC CHARACTERISTICS 



Current -Gain— Bandwidth Product 

(I c = 25 mAdc, V CE = 10 Vdc, f = 100 MHz) 


f T 




550 




MHz 


Output Capacitance 

(V CB = 15 Vdc, I E = 0, f = 100 kHz) 


C ob 




3.0 


4.0 


pF 



9-97 



RF Transistors • 



2N4072, 2N4073 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


FUNCTIONAL TEST 


Power Gain 


2N4072 

Test Circuit - Figure 5 
P. = 25 mW, = 13.6 Vdc, 
in it 

f = 175 MHz 


G PE 


10 






dB 


Power Output 


p 
out 


250 






mW 


Collector Efficency 


V 


50 


60 




% 


Power Gain 


2N4073 

Test Circuit - Figure 5 

P. = 50 mW, = 13. 6 Vdc, 
in ' CE ' 

f = 175 MHz 


G PB 


10 






dB 


Power Output 


P . 
out 


500 


650 




mW 


Collector Efficiency 




50 


65 




% 



2N4072 



FIGURE 1 - POWER OUTPUT versus FREQUENCY 



FIGURE 2 -POWER OUTPUT versus POWER INPUT 




Tc 


= 1 
= 2 


75 MH 
5°C 


z 
































































































\ 


V CE 


= 15 


Vdc 
.6 Vd 
Vdc 
























N 




-13 
-12 


c — 









































200 250 300 

f, FREQUENCY (MHz) 



2N4073 



FIGURE 3 - POWER OUTPUT versus FREQUENCY 



FIGURE 4- POWER OUTPUT versus POWER INPUT 




400 



150 200 250 300 

f, FREQUENCY (MHz) 

FIGURE 5- 175 MHz TEST CIRCUIT 



20 30 40 

Pj„ POWER INPUT (mW) 



5 10 15 

P iB , POWER INPUT (mW) 



f 

Tc 


= 175M 
= 25°C 


Hz 














































-V CE 


= 15 Vd 
p 13.6 


c 

l/dc 














\ 




- 12 Vd 


c 















































R s = 50S2 



> £i— ^ 



Li - 3 turns #16 tinned wire; 

Vi" ID air wound; 

winding length %" 
L2 - 6 turns #16 tinned wire; 

Vn" ID air wound; 

winding length %" 



Capacitor values in pF unless 

otherwise indicated. 

Tuning Capacitors are air variable. 



RFC 
Q u <5 



< Ri = 50S2 



1 
I 



0.01 juF 
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RF Transistors 



MmI 803 For specifications, See 2N3137 Data Sheet 



MM 



1941 



G e = 9db @ 175 Mc 
P 0 = lOOmW @ 175 Mc 



CASE 22 

(TO-18) 




Collector connected to case 



NPN silicon annular transistor for high-frequency 
power oscillator, multiplier and driver applications. 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

V CBO 


30 


Volts 


Collector-Emitter Voltage 


v 

V CES 


30 


Volts 


Emitter-Base Voltage 


v 

EB 


3.0 


Volts 


Base Current 


*B 


30 


mAdc 


Collector Current 


*C 


200 


mAdc 


Input Power 


P. 
in 


100 


mW 


Output Power 


P 

out 


250 


mW 


Power Dissipation @ T c = 25* C 
Derate above 25' C 


p * 
^C 


600 
4.0 


mW 
mW/°C 


Power Dissipation @ T. = 25° C 
Derate above 25° C 


V 


300 
2.0 


mW 
mW/°C 


Junction Temperature 


t j 


175 


°C 


Storage Temperature 


T . 
stg 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector- Emitter 
Sustain Voltage 


V CES(sus)* 


I c = 15 mA, R BE =0 


30 


40 




Volts 


Collector-Base 
Breakdown Voltage 


BV CBO 


I Q = 100 /zAdc, I £ = 0 


30 


40 




Volts 


Collector Emitter-Open 
Base Sustain Voltage 


BV CEO(sus)* 


I c - 15 mA, I B = 0 


20 






Volts 


Collector Cutoff Current 


^BO 


V CB = l5Vdc, I E =0 

V CB = 15 Vdc, I E = 0, T c = 100° C 




0.01 


0. 1 

25 


/iAdc 


Emitter Cutoff Current 


J EBO 






0. 1 


10 


/xAdc 


DC Current Gain 


h FE 


I c = 10 mAdc, V CE = 10 Vdc 


25 


50 







AC Current Gain 


I h fe| 


V CE = 10 Vdc, I c = 10 mAdc 
f = 100 mc 


6 


8 






Collector Output 
Capacitance 


C ob 


V CB = 15 Vdc ' l E = °' f " 100 kc 






2.5 


Pf 




Power Output 


P . 

out 


P. = 20 mW max, f = 175 mc 
V cc = 13.6Vdc, I c(maxr 25mA 


100 






mW 


Power Gain 




7 


9 




db 



*See Safe Area Curve 



9-99 



RF Transistors 



MM! 941 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Power Output 
(Oscillator) 


p , 

out 


f = 80 mc, V cc = 13. 6 Vdc, 

Hyp) = 20 mAdc 




50 




mW 


Power Gain (Multiplier) 


G e 


f. m 80 mc, f . = 240 mc 
in ' out 

V cc = 13. 6 Vdc, P Qut * 30 mW 

I„ » = 25 mAdc 
C(typ) 




3 




db 



♦Pulse Test: PW = 100 ^sec; DC = 2% 

POWER OUTPUT versus FREQUENCY 




POWER OUTPUT versus FREQUENCY 

















1 

V CE = 13. 
1 


iVdc 


















60 mW 






















iW 












P; 


= 20mV 

















































SAFE OPERATING AREA 




6 8 10 12 U 16 18 20 
V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



POWER OUTPUT CHARACTERISTICS 



S 200 



INPUT AND OUTPUT IMPEDANCE versus 
COLLECTOR CURRENT PARALLEL EQUIVALENT 





l c , COLLECTOR CURRENT (mA) 

POWER OUTPUT CHARACTERISTICS 



V CE = 13.6 Vdc 



0 10 20 30 40 50 60 70 80 90 100 
P in , POWER INPUT (mW) 



10 20 30 40 50 60 70 
P in , POWER INPUT (mW) 



9-100 



RF Transistors • 



MM 1943 (SILICON) 



G e = 9db @ 175 Mc 
P o = 300 mW @ 175 Mc 




Collector connected to case 



NPN silicon annular transistor for high-frequency 
multiplier and driver applications. 



CASE 22 

(TO- 18) 

MAXIMUM RATINGS (at 25°C case temperature unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

v CBO 


40 


Vdc 


Collector- Emitter Voltage 


V CES 


40 


Vdc 


Emitter- Base Voltage 


V EB 


3.0 


Vdc 


Base Current 


l B 


30 


mA 


Collector Current 


l C 


200 


mA 


Input Power 


P in 


100 


mW 


Output Power 


p out 


400 


mW 


Device Dissipation @ T c = 25°C 
Derate above 25°C 


p c 


600 
4.0 


mW 

mW/°C 


Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


300 
2 


mW 
mW/°C 


Junction Temperature 


T J 


+ 175 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Collector- Emitter 
Sustain Voltage 


V CES(sus)* 


I c = 15 mA, R BE = 0 


40 


50 




Volts 


Collector-Base 
Breakdown Voltage 


BV CBO 


I c = 100 jiAdc, I E = 0 


40 


45 




Volts 


Collector Emitter-Open 
Base Sustain Voltage 


BV CEO(sus)* 


I c = 15 mA, 1=0 


20 






Volts 


Collector Cutoff Current 


^BO 


V CB = l5Vdc, I E =0 

V CB = 15 Vdc, I E = 0, T c = 100°C 




0.01 


0. 1 

25 


/iAdc 


Emitter Cutoff Current 


^BO 


V EB = 3Vdc > 




0. 1 


10 


/xAdc 


DC Current Gain 


h FE 


I c = 10 mAdc, V CE = 10 Vdc 


25 


50 






AC Current Gain 


I h fe| 


V CE = 10 Vdc ' l C = 10 
f = 100 mc 


5 


7 






Power Output 


P . 
out 


P. =47.5mW max, f = 175 mc 
in 

V cc = 13.6 Vdc, I c(max) =13. 6mA 


300 






mW 


Power Gain 


G e 


8 


9 




db 


Efficiency 


V 


45 


55 




% 



9-101 



RF Transistors • 



MM! 943 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Test Conditions 


A/lin 


Typ 


A/lax 


Unit 


Collector Output 
Capacitance 


C ob 


V CB = 15 Vdc ' l E = °» f " 100 kC 






4 


pf 


Power Gain (Multiplier) 


G e 


f. n - 80 mc, f Qut - 240 mc 
V cc = 13.6Vdc, P out «70mW 

^flyp)- 20 ^ 




3 




db 



♦Pulse Test: PW = 100 //sec; DC = 2% 



POWER OUTPUT versus FREQUENCY 



















Vdc 


































= 40mW 














OmW^ 





























































00 200 
f, FREQUENCY (mc) 

SAFE OPERATING AREA 

















r 1 

- 25°C 


























\ 






















































































. 0 


.5/xSec PULSE WIDTH 
L w°l niiTY r.Yri f 






\ 













































































10 12 14 16 IS 20 



V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) 

POWER OUTPUT CHARACTERISTICS 




POWER OUTPUT versus FREQUENCY 




INPUT AND OUTPUT IMPEDANCE versus 
COLLECTOR CURRENT PARALLEL EQUIVALENT 




l c , COLLECTOR CURRENT (mA) 

POWER OUTPUT CHARACTERISTICS 















V CE = 13.6 Vdc 
f = 250mc 


























































EFFICIENC 


r 























P ;n , POWER INPUT (mW) 



P in . POWER INPUT (mW) 



9-102 



RF Transistors 

MM2503 (GERMANIUM) ( g>Q ^=20^® 



200 Mc 



CASE 20 

(TO-72) 




PNP germanium annular transistor for high- gain, 
low-noise amplifier, oscillator and frequency multi- 
plier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


-30 


Vdc 


Collector -Emitter Voltage 


v 

V CES 


-30 


Vdc 


Collector -Emitter Voltage 


v 

v CEO 


-15 


Vdc 


Emitter-Base Voltage 


v 

EBO 


-0.5 


Vdc 


Collector Current 


*C 


-20 


mA 


Total Device Dissipation 
(25° C Ambient Temp. ) 
Derate above 25° C 


P D 


75 
1.0 


mW 
mW/°C 


Junction Temperature 


T J 


+100 


°C 


Storage Temperature 


T stg 


-65 to +100 


°c 



9-103 



RF Transistors 

MM2503 (continued) 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Charactsristic 


Symbol 


AA in 


A/lax 


Typ 


Collector -Base Breakdown Voltage 
I c = -100/iAdc, I E = 0 


BV CBO 


-30 




Vdc 


Collector -Emitter Breakdown Voltage 
I c = -100/jAdc, V BE = 0 


BV CES 


-30 




Vdc 


Collector-Emitter Breakdown Voltage 
I c = -ImAdc, Ig = 0 


BV CEO 


-15 




Vdc 


Emitter-Base Breakdown Voltage 
I E = -100/iAdc, I c = 0 


BV EBO 


-0.5 




Vdc 


Collector-Cutoff Current 
V CB = -6Vdc 

V CB = -6Vdc, T A = +55° C 


! CBO 




-10 
-100 


/iAdc 
/iAdc 


DC Forward Current Ratio 
V = -6Vdc I = -3mAdc 


h FE 


20 






Collector-Emitter Saturation Voltage 

I = -3mAdc I = -0. 3mAdc 
C ' B 


V CE(sat) 




-0.2 


Vdc 


Base -Emitter Saturation Voltage 
= -3mAdc, Ig = -0. 3mAdc 


V BE(sat) 




-0.7 


Vdc 


Small Signal Forward Current Ratio 
V CE = _6Vdc ' l C = " 3mAdc » f = 1KC 


h ie 


25 






Collector -Base Capacitance 

V CB = -6vdc > j e = °» f = 100KC 


C ob 




2.0 


Pf 


Collector -Base Time Constant 
V^ B = -6Vdc, I E = +3mAdc, f = 79.8MC 


V C c 




6 


psec 


Current Gain -Bandwidth Product 

= -6Vdc, U = -3mAdc, f = 100MC 
CE ' C ' 


ir 


1000 




mc 


Power Gain 

V OT7 = -6Vdc, I„ = -3mAdc, f = 200MC 


Ge 


20 




db 


Noise Figure 

V CE = -6Vdc, I c = -3mAdc 

R = 50£, f = 200MC 
g 


NF 




3.0 


db 


Power Gain (AGC) 
V CE = ~ 5Vdc > ! c = " 15mAdc » f = 200MC 


G e 




0 


db 



9-104 



RF Transistors 



MpcOl ft (SILICON) G ° = 14 " 15 db @ 200 Mc 

I O (SILICON) NF = 6 db @ 200 Mc 

MPS3563 P 0 = 30 mW @ 500 Mc 




NPN silicon annular, plastic encapsulated transistors 
for low-cost amplifier and oscillator applications at 
VHF and UHF. 



CASE 29 

(TO-92) 

MAXIMUM RATINGS 



Characteristic 


Symbol 


MPS918 


MPS3563 


Unit 


Collector -Base Voltage 


v 

CBO 


30 


30 


Volt's 


Collector -Emitter Voltage 


v 

CEO 


15 


12 


Volts 


Emitter -Base Voltage 


v 

EBO 


3 


2 


Volts 


Total Dissipation 

@25°C Case Temperature 
@ 25°C Ambient Temperature 


P D 


0.5 
0.2 


0. 5 
0.2 


Watts 


Operating Junction Temperature 


T J 


125 


125 


°c 


Storage Temperature 


T 

stg 


-55 to +125 


°c 



200 MC POWER GAIN TEST CIRCUIT 

-£ ) INPUT IMPEDANCE = 50fi 



1000 pf 
VITRAMON 



_r\n/v~> \L . 




looon loon 
-v EE o — VW 



.05/af 



Li — 3.5 TURNS NO. 16 TINNED COPPER WIRE; 5/16" DIA; 7/16" LONG 

TURNS RATIO ^4 TO 2 
Li — 8 TURNS NO. 16 TINNED COPPER WIRE; i" DIA; I" LONG 

TURNS RATIO 8 TO 1 
Lj — MILLER #4303 (0.4 _ 0.65/xh) 



1.5-7.5pf 



>+Vcc 



.001 M f 

OUTPUT IMPEDANCE = 501) 



9-105 



RF Transistors 

MPS918, MPS3563 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current MPS918 
V CB = 15V ' *E = 0 MPS3563 


^BO 




10 
50 


nA 


Collector -Base Breakdown Voltage 

I c = 1.0 m A, I E = 0 MPS918 

I c = 100 n A, I E = 0 MPS3563 


BV CBO 


30 
30 




Volts 


Emitter-Base Breakdown Voltage 

I F = 10 juA, I p = 0 MPS918 
^ c s MPS3563 


EBO 


3.0 
2.0 


- 


Volts 


Collector -Emitter Voltage 

I = 3.0 mA, 1=0 MPS918 

MPS3563 


BV CEO* 


15 
15 


- 


Volts 


DC Current Gain 

V CE = 1V ' l C = 3mA MPS918 
V CE = 10V ' r c = 8mA MPS3563 


h FE* 


20 
20 


200 




Collector -Emitter Saturation Voltage 

I c = 10mA, I B = 1mA MPS918 


V CE(sat) 




0.4 


Volts 


Base -Emitter Saturation Voltage 

I c = 10mA, I fi = 1mA MPS918 


BE (sat) 




1.0 


Volts 


Small Signal Current Gain 

I c = 4mA, V CE = 10V, f = lOOmc MPS918 

I c = 8mA, V CE = 10V, f = lOOmc MPS3563 

I c = 8mA, V CE = 10V, f = lkc MPS3563 


fe 


6 
6 
20 


15 

250 




Output Capacitance 

V CB = 10V - l E = °» f = 140kc MPS918 
V CB = 10V, I E = 0, f = lmc MPS3563 

V CB = 0V> l E = °' * = l40kc MPS918 


ob 


: 


1.7 
1.7 
3.0 


Pf 


Input Capacitance 

V E g = U. ov, = 0 MPoylo 


C ib 




2. 0 


Pf 


Amplifier Power Gain 

I c = 6mA, f = 200mc, V CB = 12V MPS918 

I c = 8mA, V CE = 10V, f = 200mc MPS3563 
G fd + G re < " 20db 


Ge 


15 
14 




db 


Power Output 

I c = 8mA, V CB = 15V, f = 500mc MPS918 


Pout 


30 




mW 


Collector Efficiency 

I c = 8mA, V CB = 15V, f = 500.mc MPS918 


eff 


25 




% 


Noise Figure 

I c = 1mA, V CE = 6V, f = 60mc, MPS918 

Rg = 400 


NF 




6 


db 



*PW < 300 ^sec. DC < 1% 



9-106 



RF Transistors 



MPS6507 (SILICON) 



V CB = 30V 
f T = 700 MHz 




CASE 29 

(TO-92) 



NPN silicon transistor designed as a VHF mixer in 
TV applications. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CB 


30 


Volts 


Collector- Emitter Voltage 


V CEO 


20 


Volts 


Emitter-Base Voltage 


v 

EB 


3 


Volts 


Collector Current 


l c 


100 


mA 


Total Device Dissipation @ T A = 60° C 


P D 


210 


mW 


@ T A = 25°C 




310 




Thermal Resistance, Junction to Ambient 


*JA 


0.357 


°C/mW 


Junction Temperature 


T J 


135 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Collector- Emitter Breakdown Voltage 
(I c = 1 mAdc, Ig = 0) 


BV CEO 


20 






Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc, V EB = 0) 


BV CES* 


30 






Vdc 


Collector Cutoff Current 
(V CB = 15Vdc, I E = 0) 

(V CB = 15 Vdc, I E . 0, T A - 60 -C) 


! CBO 






0.05 
1.0 


/LtAdc 


DC Current Gain 

(I c = 2 mAdc, V CE = 10 Vdc) 


h FE 


25 








High Frequency Current Gain 

U c = 2 mAdc, V CE = 10 Vdc, f = 44 mc) 


M 


20 






db 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 






2.5 


Pf 


Current-Gain — Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc) 


f T 


700 






mc 


Conversion Gain (See Figures 7, 8, 9) 

(I c = 3 mAdc, V CE = 10 Vdc, 213 to 44 mc) 






23 




db 



* Pulse Test: Pulse Width £ 300 /z sec, Duty Cycle £ 2% 



9-107 



RF Transistors 



MPS6507 (continued) 

FIGURE 1 - COLLECTOR CURRENT versus 
COLLECTOR-EMITTER VOLTAGE 



FIGURE 2 - CONTOURS OF CONSTANT GAIN- 
BANDWIDTH PRODUCT 




6 8 10 12 14 16 18 20 
V CE , COLLECTOR-EMITTER VOLTAGE (Vdc) 




8 12 16 20 

l c , COLLECTOR CURRENT (mAdc) 



FIGURE 3 - Vie, INPUT ADMITTANCE versus 
FREQUENCY 



y PARAMETER VARIATIONS 
(Vce = 10 Vdc, lc = 3 mAdc, Ta = 25 °C) 

FIGURE 4 - y rs> REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 






























































-b r . - 




























































-gr. 



60 80 100 200 
f, FREQUENCY (mc) 



60 80 100 200 
f, FREQUENCY (mc) 



FIGURE 5 - y fe , FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 




80 100 200 
f, FREQUENCY (mc) 



FIGURE 6 - Vce, OUTPUT ADMITTANCE 
versus FREQUENCY 
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go. 



80 100 

f, FREQUENCY (mc) 



9-108 



MPS6507 (continued) 



RF Transistors 



FIGURE 7 - CONVERSION GAIN versus 
COLLECTOR CURRENT 



FIGURE 8 - CONVERSION GAIN versus 
OSCILLATOR INJECTION 



1 1 

V CE =10Vdc 1 






i M = 257 mc 
= 213 mc 








= 44 n 


nc 



























































1 

V CE = 10Vdc 
— l c = 3mAdc 
U = 257mc 
f, i9 = 213 mc 


























f..F. 


= 44mc 































































































2 3 
lc, COLLECTOR CURRENT (mAdc) 



100 200 

OSCILLATOR INJECTION (mV) 



FIGURE 9 -MIXER TEST CIRCUIT 



R S = 50J2 



1.5- 7 pf 



1.5- 7 pf 



L, = 4VS Turns #26 Tinned Wire; W" I.D. Airwound, 
Winding Length 5/16", Base Tapped 1 Turn from 
Ground 

L 2 = 2 Turns #26 Tinned Wire; V4" I.D. Airwound, Winding 

Length Ya", Center Tapped 
L 3 = 21 Turns #20 Enameled Wire; %" I.D. Airwound, 

Winding Length %" 
RFC = 10 M h,O, = 80 

C, and C 2 Adjusted for Maximum Oscillator Injection 




v 44 mc 
/R L = 508 



9-109 



RF Transistors 



MPS 



6511 




CASE 29 

(TO-92) 



V CB = 30V 

G pe = 30dB @ 45mHz 



NPN silicon transistor designed for use in non-AGC 
IF applications. 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector -Base Voltage 


v 

V CB 


30 


Volts 


Collector -Emitter Voltage 


v 

V CES 


30 


Volts 


Collector -Emitter Voltage 


v 

■CEO 


20 


Volts 


Emitter -Base Voltage 


v 

EB 


3 


Volts 


Collector Current 


l C 


100 


mAdc 


Total Device Dissipation @ T A = 60° C 
@T A = 25°C 


P D 


210 
310 


mW 


Junction Temperature 


T J 


135 


°C 



THERMAL RESISTANCE 

0jA ( .ir) = 0.357° C/mW 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Max 


Unit 


Collector-Emitter Breakdown Voltage* 


BV CES* ' 


I c = 10 mAdc, V EB = 0 


30 




Vdc 


Collector-Emitter Breakdown Voltage 


BV CEO 


I c = 0. 5 mAdc, I B = 0 


20 




Vdc 


Collector Cutoff Current 


! CBO 


V CB = 15 Vdc, 1 E = 0 

V CB = 15Vdc, I E =0, T A = 60°C 




0.05 
1.0 


MAdc 


Current Gain 


h FE 


V CE = 10 Vdc, I c = 10 mAdc 


25 






Output Capacitance 


C ob 


V CB = 10 Vdc, I E = 0, f = 100 kc 




2.5 


Pf 


Power Gain 


V 


V cc = 12 Vdc, I c = 10 mAdc, f = 45 mc (Figure 1) 


30 




db 



*Pulse Test: PW ^300/isec f duty cycle ^2%. 



9-110 



RF Transisfors 



MPS6511 (continued) 



FIGURE 1 -45 mc POWER GAIN TEST CIRCUIT 

5.6 pf 



L, = 5T #26 WIRE, CLOSE WOUND, 14" I.D. 0.15-0.2 uM 
0, = 100 NOMINAL 



L 2 = 11T #26 WIRE, CLOSE WOUND, V*" ID. 0.6-0.9 ju.li 
Q. = 80 NOMINAL 




FIGURE 2 - CONTOURS OF CONSTANT 
GAIN - BANDWIDTH PRODUCT 



FIGURE 3 - COLLECTOR CURRENT versus 
COLLECTOR-EMITTER VOLTAGE 




8 12 16 

l c , COLLECTOR CURRENT (mAdc) 



2 4 6 8 10 12 14 16 18 20 
V CE , COLLECTOR-EMITTER VOLTAGE (Vdc) 



FIGURE 4- INPUT ADMITTANCE versus 
COLLECTOR CURRENT 



f= 

V C E = 
— V CE = 


45 roc 

10 Vdc - 
15 Vdc - 















































































0 5 10 

lc, COLLECTOR CURRENT (mAdc) 



FIGURE 5 -REVERSE TRANSFER ADMITTANCE 
versus COLLECTOR CURRENT 

-0.3 



3 -0.2 
I 

3E 

§ 
s 





























b r . 


f = 

V CE = 

— v« = 


45 mc 

10 Vdc - 
15 Vdc - 
















































Br. 















5 10 
l c , COLLECTOR CURRENT (mAdc) 



9-111 



RF Transistors • 



MPS651T (continued) 



FIGURE 6 - FORWARD TRANSFER ADMITTANCE 
versus COLLECTOR CURRENT 



FIGURE 7 - OUTPUT ADMITTANCE versus 
COLLECTOR CURRENT 



S 60 



f = 45 mc 

V CE = 10Vdc 
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ft 
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f = 45 mc 

V CE = 10Vdc - 
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5 10 15 

l c , COLLECTOR CURRENT (mAdc) 



5 10 15 

l c , COLLECTOR CURRENT (mAdc) 



FIGURE 8 - POWER OUTPUT versus 
COLLECTOR CURRENT 

(FOR 3% ENVELOPE DISTORTION) 



MODULATION = 30% (1 kc) 

R L = 1 KS2 J 








£1>M 


he 


;=15Vdc 











VcE = 


12.5 Vdc 





/ / 




:=15Vdc 











V CE =12.5Vd 


V CE = 10Vdc 

c 









V CE =10Vdc 


1 — 














l Cl COLLECTOR CURRENT (mA) 



9-112 



RF Transistors 

ADDITIONS AND MODIFICATIONS 



RF Transistors 

ADDITIONS AND MODIFICATIONS 



9-114 



Field-Effect Transistors 



FIELD-EFFECT TRANSISTORS 



I 
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Field-Effect Transistors 



For case outline dimensions, see page 1-186. 
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Field-Effect Transistors 



FIELD-EFFECT TRANSISTORS 



This section includes field-effect transistors designed for audio as well 
as RF amplifier applications and for switching purposes. 



APPLICATIONS SELECTOR GUIDE 



APPLICATIONS 


TYPE NO. 


CONSTR. 


CONDUCTIVITY 


OPERATING MODE 


COMMENTS 


General Purpose 
(low -frequency ampli- 
fiers and switches) 


3N124 
3N125 
3N126 


JFET 
JFET 
JFET 


N- CHANNEL 
N- CHANNEL 
N-CHANNEL 


TYPE A 
TYPE A 
TYPE A . 




Gate 1 and Gate 2 
terminals exter- 
nally accessible 




MFE2094 
MFE2095 


JFET 
JFET 


N- CHANNEL 
N-CHANNEL 


TYPE A 
TYPE A . 




Source and Drain 
Interchangeable 


Audio Amplifiers 


2N3796 


MOS 


N-CHANNEL 


TYPE B 








2N3797 


MOS 


N-CHANNEL 


TYPE B 








2N4220 
2N4221 
2N4222 


JFET 
JFET 
JFET 


N-CHANNEL 
N-CHANNEL 
N-CHANNEL 


TYPE A 
TYPE A 
TYPE A 




Low noise figure 
for preamplifiers 


High-Speed Switching 


2N4351 
2N4352 


MOS 
MOS 


N-CHANNEL 
P -CHANNEL 


TYPE C "1 
TYPE C J 


Complementary 


RF Amplifiers and 


2N4223 


JFET 


N-CHANNEL 


TYPE A 






mixers 


2N4224 


JFET 


N-CHANNEL 


TYPE A 
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Field-Effect Transistors 



2N3796 (SILICON) 

2N3797 



CASE 20 

(TO-72) 





V DS = 20-25 V 
l D = 20 m A 

P D = 200 mW 



N-channel insulated gate silicon field effect transis- 
tors for low power applications in the audio frequency 
range. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Drain-Source Voltage 

2N3796 
2N3797 


V DS 


25 
20 


Vdc 


Gate-Source Voltage 


V GS 


±10 


Vdc 


Drain Current 




20 


mAdc 


Power Dissipation at T A = 25°C 
Derating Factor above 25°C 


Pd 


200 
1.14 


mW 
mW/°C 


Operating Junction Temperature 


Tj 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 



HANDLING CONSIDERATIONS 



Insulated gate field-effect transistors, due to their extremely high input re- 
sistance, are subject to potential damage by the accumulation of excess static 
charge. To avoid possible damage to the devices while handling, testing, or in 
actual operation, the following procedures should be followed: 

1 . The leads of the devices should remain wrapped in the shipping foil ex- 
cept when being tested or in actual operation to avoid the build-up of 
static charge. 

2. Avoid unnecessary handling; when handled, the devices should be picked 
up by the can instead of the leads. 

3. The substrate and case should be operated at the same or approximately 
the same dc potential as the gate. 

4. The devices should not be inserted or removed from circuits with 
the power on as transient voltages may cause permanent damage to 
the devices. 



10-4 



Field-Effect Transistors 

2N3796, 2N3797 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25 9 C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Mil 


Unit 


Drain-Source Breakdown Voltage 
(V GS = -4 V, I D = 5 M A) 


2N3796 


BV DSX 


25 


30 


— 


Vdc 


( V GS = " 7 V - * D = 5 MA) 


2N3797 




20 


25 






Zero-Gate- Voltage Drain Current 
(v DS = 10 v, v GS = 0) 


2N3796 
2N3797 


4 DSS 


0.5 
2 


2 
4 


3 
6 




Gate-Source Voltage Cutoff 
(I D 0.5 /i A, V DS = 10 V) 


2N3796 


V GS(off) 


_ 


-3 


-4 


Vdc 


(I D 2.0 nA, V DS = 10 V) 


2N3797 




— 


-5 


-7 




"On" Drain Current 
(V DS = 10 V, V GS =+3.5 V) 


2N3796 


T)(on) 


7 


9 


14 


mAdc 




2N3797 




9 


14 


18 




Drain-Gate Reverse Current* 
(v DG = 10 V, Ig = 0) 


*DGO 




0.1 


1.0 


pAdc 


Gate-Reverse Current * 

(v GS = -io v, v DS = 0) 




kiss* 




0. 1 


1.0 


pAdc 


(V GS = -10 V, V DS = 0, T A = 150°C) 






— 


50 


200 




Small-Signal, Common-Source Forward Transfer 
(V DS = 10 V, V GS = 0, f = 1 kc) 


Admittance 
2N3796 


l J fs 1 


900 


1300 


1800 


/imhos 




2N3797 




1500 


2100 


3000 




(V DS = 10 V, V GS = 0, i = 1.0 mc) 


2N3796 




900 


1500 








2N3797 




1500 


2500 






Small-Signal, Common-Source, Output Admittance 
(V DS = 10 V, V GS = 0, i = 1 kc) 


2N3796 
2N3797 


Ks| 




12 
30 


25 
60 


/i mhos 


Small-Signal, Common-Source, Input Capacitance 
(V DS = 10 V, V GS = 0, f = 1 kc) 


2N3796 
2N3797 


Ciss 




5 
6 


7 
8 


P* 


Small-Signal, Common-Source, Reverse Transfer Capacitance 
(v DS = io v, v GS = 0, f = 1 kc) 


C 

rss 




0.5 


0.8 


pf 


Noise Figure 

(V DS = 10 V, V GS = 0, f = 1 kc, R g = 3 megohms) 


NF 




4.0 




db 



* This value of current includes both the FET leakage current as well as the leakage current 
associated with the test socket and fixture when measured under optimum conditions. 
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Field-Effect Transistors 



2N3796, 2N3797 (continued) 



TYPICAL DRAIN CHARACTERISTICS 
FIGURE 1 - 2N3796 FIGURE 2 - 2N3797 




0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 

V DS , DRAIN SOURCE VOLTAGE (VOLTS) V os , DRAIN SOURCE VOLTAGE (VOLTS) 



COMMON SOURCE TRANSFER CHARACTERISTICS 



FIGURE 3 - 2N3796 FIGURE 4 - 2N3797 




-4 I I I I I I U I LJ I I I LJ I I -4 I III H — t 11 J I I I I L I I I I 

0.001 0.01 0.1 1.0 10 20 0.001 0.01 0.1 1.0 10 20 

l D , DRAIN CURRENT (mA) | D , DRAIN CURRENT (mA) 
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Field-Effeci Transistors 

2N3796, 2N3797 (continued) 
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Field-Effect Transistors 



2N3821 (SILICON) 

2N3822 

2N3824 



CASE 20 

(TO-72) 





V DS = 50V 
l D = 10 mA 
P D = 300 mW 



Silicon N-channel junction field-effect transistors, 
designed for audio amplifier, chopper and switching 
applications. Drain and Source Interchangeable. 



MAXIMUM RATINGS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Drain-Source Voltage 


v 

V DS 


50 


Vdc 


Drain-Gate Voltage 


V DG 


50 


Vdc 


Gate -Source Voltage 


V GS 


-50 


Vdc 


Drain Current 


T D 


10 


mAdc 


Power Dissipation 
Derate above 25°C 


P D 


300 
2 


mW 
mW/°C 


Operating Junction Temperature 


T J 


IT5 




Storage Temperature Range 


T 

stg 


-65 to + 200 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G = -1 nAdc, V DS = 0) 


V (BR)GSS 


-50 




Vdc 


Gate Reverse Current 
(V Gg = -30 Vdc, Vds = 0) 




r GSS 




-0.1 




(V GS = -30 Vdc, Vjjg - 0, T A = 150°C) 








-100 




Gate -Source Cutoff Voltage 
(I D = 0. 5 nAdc, V Dg = 15 Vdc) 


2N3821 
2N3822 


V GS(off) 




-4 

-6 


Vdc 


Gate -Source Voltage 

(I D = 50 nAdc, V Dg = 15 Vdc) 


2N3821 


V GS 


-0.5 


-2.0 


Vdc 


(I D = 200 ,iAdc, V ng = 15 Vdc) 


2N3822 




-1.0 


-4.0 




Drain Cutoff Current 

(V DS =15Vdc. V GS = -8Vdc) 


2N3824 


k>(oty 




0. 1 




(V DS = 15 Vdc, V GS = -8 Vdc, T A = 150°C) 


2N3824 






100 




ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(V DS =15Vdc, V GS = 0) 


2N3821 
2N3822 


l DSS* 


0.5 
2.0 


2.5 
10 




DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 

(V Dg = 15Vdc, V GS = 0, f = lkHz)* 

(V DS = 15 Vdc, V GS = 0, f = 100 MHz) 


2N3821 
2N3822 
2N3821 
2N3822 


M 


1500 
3000 
1500 
3000 


4500 
6500 




Output Admittance* 

(V Dg = 15 Vdc, V GS = 0, f = 1 kHz) 


2N3821 
2N3822 


l y os|* 




10 
20 


fimhos 


Drain-Source Resistance 
< V GS = 0 ' I D" 0 ' ' = lkHz > 


2N3824 


r ds(on) 




250 




Input Capacitance 

(V DS = 15 Vdc, V Gg = 0, f = 1 MHz) 


C lss 




6 


pF 


Reverse Transfer Capacitance 

(V DS = 15 Vdc, V GS = 0, f = 1 MHz) 

(V Gg = -8 Vdc, V Dg = 0, f = 1 MHz) 


2N3821 
2N3822 
2N3824 


C 

rss 




3 
3 
3 


pF 



♦Pulse Test: Pulse Width £ 100 ms, Duty Cycle 5 10% 
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Field-Effect Transistors 



2N4220 (SILICON) 

2N4221 
2N4222 



CASE 20 

(TO-72) 




V DS = 30V 
l D = 15 mA 
P D = 300 mW 




Silicon N-channel junction field-effect transistors, 
designed for general purpose amplifier and switching 
applications. Drain and Source interchangeable. 



MAXIMUM RATINGS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Drain-Source Voltage 


V DS 


30 


Vdc 


Drain-Gate Voltage 


V 

DG 


30 


Vdc 


Gate-Source Voltage 


V 

V GS 


-30 


Vdc 


Drain Current 




15 


mAdc 


Total Device Dissipation 
Derate Above 25°C 


P D 


300 
2 


mW 
mW/°C 


Operating Junction Temperature 


T J 


175 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°C 
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■ Field-Effect Transistors ■ 



2N4220, 2N4221, 2N4222 (continued) 

ELECTRICAL CHARACTERISTICS (Ta =■ 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G - -10 jiAdc, V DS = 0) 


V (BR)GSS 


-30 






Vdc 


Gate Reverse Current 

(v^.-isydc. v DS .o) 




! GSS 






-0.1 


nAdc 


(V Gg = -15 Vdc, Vpg = 0, T A - 150°C) 










-100 




Gate-Source Cutoff Voltage 
(Ijj = 0. 1 nAdc, V DS = 15 Vdc) 


2N4220 
2N4221 
2N4222 


V GS(off) 






-4 
-6 
-8 


Vdc 


Gate-Source Voltage 

(I D = 50 /xAdc, V Dg = 15 Vdc) 


2N4220 


V GS 


-0.5 




-2.5 


Vdc 


(I D = 200 jiAdc, V Dg = 15 Vdc) 


2N4221 




-1.0 




-5.0 




(I D = 500 /iAdc, V Dg = 15 Vdc) 


2N4222 




-2.0 




-6.0 




ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(V DS -15Vdc ( V GS = 0) 


2N4220 
2N4221 
2N4222 


'dSS* 


0.5 
2.0 
5.0 




3.0 
6.0 
15 


mAdc 


DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance* 

(V DS = 15 Vdc, V GS = 0, f = 1 kHz) 


2N4220 
2N4221 
2N4222 


l y fs|* 


1000 
2000 
2500 


2500 
3500 
4500 


4000 
5000 
6000 


/imhos 


Output Admittance* 

(V DS =15Vdc, V GS = 0, f=lkHz) 


2N4220 
2N4221 
2N4222 


| y osl* 






10 
20 
40 


(i mhos 


Drain-Source Resistance 
< V DS= 0 ' V GS = °> 


2N4220 
2N4221 
2N4222 


r ds(on) 




500 
400 
300 




Ohms 


Input Capacitance 

(V DS = 15 Vdc, V GS = 0, f = 1 MHz) 


C iss 




4.5 


6.0 


pF 


Reverse Transfer Capacitance 

(V Dg = 15 Vdc, V QS = 0, f = 1 MHz) 


C 

rss 




1.2 


2.0 


pF 



*Pulse Test: Pulse Width % 630 ms, Duty Cycle § 10% 



FIGURE 3 — TYPICAL DRAIN CHARACTERISTICS 



FIGURE 4 — COMMON SOURCE 
TRANSFER CHARACTERISTICS 



2N4 


220 




V ss 


= 0V 




























-0.2V 


















-0.4V 




















-0.6V 


.c 


















-0.8V 










-1.0V 


r- 











2W 


220 












Vos = 


= 15V 

























































0 5 10 15 20 

V os , DRAIN-SOURCE VOLTAGE (VOLTS) 



-1.2 -0.8 -0.4 

V ss> GATE-SOURCE VOLTAGE (VOLTS) 
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Field-Effect Transistors 

2N4220, 2N4221, 2N4222 (continued) 




FIGURE 7 — TYPICAL DRAIN CHARACTERISTICS 



10 



8 



6 



2N422 


2 






= 0 




r 


























-IV 




















-2V 




















-3V 


1 


















-4V 










-5V 



0 5 10 15 20 25 

V os , DRAIN-SOURCE VOLTAGE (VOLTS) 



10- 



FIGURE 8 — COMMON SOURCE 



TRANSFER CHARACTERISTICS 



2 




-7 -6 -5 -4 -3 -2 -1 0 
V es> GATE-SOURCE VOLTAGE (VOLTS) 



Field-Effect Transistors 



2N4223 (SILICON) 

2n4224 




V DS = 30V 
l D = 20 mA 
P D = 300 mW 




Silicon N-channel junction field-effect transistors, 
designed for VHF amplifier and mixer applications. 
Drain and Source interchangeable. 



CASE 20 

(TO-72) 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



fTiarartorictir 


CwmUrtl 


"«"'«*> 


Unit 


Drain-Source Voltage 


V DS 


30 


Vdc 


Drain -Gate Voltage 


V DG 


30 


Vdc 


Gate -Source Voltage 


V GS 


-30 


Vdc 


Drain Current 


X D 


20 


mAdc 


Power Dissipation 


P D 


300 


mW 


Derate above 25°C 


2 


mW/°C 


Operating Junction Temperature 


T J 


175 


°C 


Storage Temperature Range 


T 

stg 


-65 to +200 


°C 



FIGURE 1 - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 




L, = m TURNS #20 TINNED WIRE, V*" ID, LENGTH = %" 
L 2 = m TURNS #18 TINNED WIRE; %" ID, LENGTH = Vi". 
TAPPED AT IV* TURNS FROM DRAIN 



.001 fjr ZiZ m fjf 
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Field-Effect Transistors 

2N4223, 2N4224 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G =-10 M Adc,V DS = 0) 


V (BR)GSS 


-30 




Vdc 


Gate Reverse Current 
(V GS =-20Vdc,V DS = 0) 


2N4223 
2N4224 


! GSS 




-0.25 
-0. 50 


nAdc 


(V GS =-20Vdc,V DS = 0, T A = 100°C) 


2N4223 
2N4224 






-250 
-500 




Gate-Source Cutoff Voltage 

(I D = 0.25 nAdc, V DS = 15 Vdc) 


2N4223 


V GS(off) 




-8 


Vdc 


(I D = 0. 50 nAdc, V Dg = 15 Vdc) 


2N4224 






-8 




Gate -Source Voltage 

(I D = 0.3 mAdc, V Dg = 15 Vdc) 


2N4223 


V GS 


-1.0 


-7.0 


Vdc 


(I D = 0.2 mAdc, V DS = 15 Vdc) 


2N4224 




-1.0 


-7.5 




ON CHARACTERISTICS 


Zero-Gate- Voltage Drain Current* 
(V DS =15Vdc, V GS =0) 


2N4223 
2N4224 


! DSS* 


3 
2 


18 
20 


mAdc 


DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 

(V DS = 15 Vdc, V Gg = 0, f = 1 kHz)* 


2N4223 
2N4224 


I y fs| 


3000 
2000 


7000 
7500 


/imhos 


(V DS = 15 Vdc, V QS = 0, f = 200 MHz) 


2N4223 
2N4224 




2700 
1700 






Input Conductance 

(V DS = 15 Vdc, V Gg = 0, f = 200 MHz) 


Re(y. s ) 




800 


fimhos 


Output Conductance 

(V Dg = 15 Vdc, V GS = 0, f = 200 MHz) 


Be <y os > 




200 


/imhos 


Input Capacitance 

(V Dg = 15 Vdc, V Gg = 0, f = 1 MHz) 


c 

iss 




6 


pF 


Reverse Transfer Capacitance 

(V DS = 15 Vdc, V Gg = 0, f = 1 MHz) 


C rss 




2 


pF 


Noise Figure 

(V DS = 15 Vdc, V GS = 0, Rg = 1 kohm, f = 200 MHz) 


2N4223 


NF 




5 


dB 


Small-Signal Power Gain 

(V Dg = 15 Vdc, V Gg = 0, f = 200 MHz) 


2N4223 


V 


10 




dB 



♦Pulse Test: Pulse Width £ 630 ms, Duty Cycle £ 10% 



FIGURE 3 — COMMON SOURCE 

FIGURE 2 - TYPICAL DRAIN CHARACTERISTICS TRANSFER CHARACTERISTICS 




0 5 10 15 20 25 -5 -4 -3 -2 -1 0 



V DS , DRAIN-SOURCE VOLTAGE (VOLTS) V es> GATE-SOURCE VOLTAGE (VOLTS) 
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Field-Effect Transistors 

2N4223, 2N4224 (continued) 



FIGURE 4— INPUT IMPEDANCE 



FIGURE 5- REVERSE TRANSFER ADMITTANCE 

















1 1 

V~ = 15 Vdc 
















V 


r c = 25° 
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50 70 100 200 300 

f, FREQUENCY (MHz) 



e 2 

z 

S 
S 
2 



Vos= 15 Vdc 
Vgs=0 
. T C =25°C 



FIGURE 6 - FORWARD TRANSFER ADMITTANCE 



FIGURE 7 -OUTPUT ADMITTANCE 
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Field-Effeci Transistors 



2N4351 (SILICON) 



CASE 20 

(TO-72) 





V DS = 25V 
l D = 30mA 
P D = 800 mW 



Silicon N- channel insulated- gate field effect transis- 
tors, designed for enhancement- mode operation in low 
power switching applications. The 2N4351 is com- 
plementary with type 2N4352 . 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Drain-Source Voltage 




25 


Vdc 


Drain- Gate Voltage 


v D g 


75 


Vdc 


Gate- Source Voltage 


V GS 


±75 


Vdc 


Drain Current 




30 


mAdc 


Power Dissipation at T A = 25°C 
Derate above 25°C 


P D 


300 
1.7 


mW 
mW/°C 


Power Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


800 
4.56 


mW 
mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 



HANDLING CONSIDERATIONS 



Insulated gate field-effect transistors, due to their extremely high input resis- 
tance, are subject to potential damage by the accumulation of excess static charge. 
To avoid possible damage to the devices while handling, testing, or in actual opera- 
tion, the following procedure should be followed: 

1. The leads of the devices should remain wrapped in the shipping foil except 
when being tested or in actual operation to avoid the build-up of static 
charge. 

2. Avoid unnecessary handling; when handled, the devices should be picked 
up by the can instead of the leads. 

3. The devices should not be inserted or removed from circuits with the power 
on as transient voltages may cause permanent damage to the devices. 
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Field-Effect Transistors 



2N4351 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic | Figure No. | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(I D « 10 »A, V GS - 0) 




V (BR)DSS 


25 




Vdc 


Gate Leakage Current 
(V GS = ±25 V. V DS = 0) 




I GSS 




10 


pAdc 


Zero- Gate- Voltage Drain Current 
(v DS - 10 V. - 0) 




I DSS 




10 


nAdc 


ON CHARACTERISTICS 


Gate-Source Threshold Voltage 
(V DS » 10 V, I D - 10 mA) 




V GS(TH) 


1.0 


5.0 


Vdc 


"ON" Drain Current 
(V GS = 10 V, Vrjg = 10 V) 


3 


tyon) 


3.0 






Drain-Source "ON" Voltage 
(1 D - 2mA,V GS = 10 V) 




V DS(on) 




1.0 


V 


SMALL SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(V GS - 10 V, I D - 0, f - 1 kc) 


4 


r ds(on) 




300 




Forward Transfer Admittance 
(V DS = 10 V, I D = 2 mA, f = 1 kc) 


1 


\y t3 \ 


1000 






Reverse Transfer Capacitance 
( V DS = °> V GS = °> 1 ~ 140 kc ' substrate connected to source) 


2 


C rss 




2. 5 


Pf 


Input Capacitance 
(Vjj~ = in V, V-- « 0, f = 140 kc, substrate connected tc source) 


2 


c iss 






pf 


Drain-Substrate Capacitance 
(V D (suB) = 10 v > * * 140 kc - sul > strate connected to source) 




C d(sub) 




4.0 


Pf 


SWITCHING CHARACTERISTICS 


Turn-On Delay 


I D = 2 mA, V DD = 10 V, 

V GS = 10 V, R D = R g = 4. 5 kohms 


6, 10 


l dl 




45 




Rise Time 


7,10 


t r 




65 




Turn-Off Delay 


8, 10 


l d2 




35 




Fall Time 


9,10 


«f 




75 





FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 



n 

: „@v ss 



T A = 25°C 



C™@V DS 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 0 2 4 6 8 10 

l D> DRAIN CURRENT (mA) VOLTAGE (VOLTS) 
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Field-Effect Transistors 

2N4351 (continued) 



FIGURE 3 - TRANSFER CHARACTERISTICS FIGURE 4 - DRAIN SOURCE "ON" RESISTANCE 




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

V GS , GATE-SOURCE VOLTAGE (VOLTS) V GS , GATE-SOURCE VOLTAGE (VOLTS) 



FIGURE 5 - "ON" DRAIN-SOURCE VOLTAGE 
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Field-Effect Transistors 



2N4351 (continued) 



SWITCHING CHARACTERISTICS 
(Ta = 25°C) 

FIGURE 6 - TURN-ON DELAY TIME FIGURE 7 - RISE TIME 
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Vds = V ss =10V 
Vds = 5V,V S s=--10V 
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Vds = V ss =15V 

Mill 



2.0 5.0 10 

l D , DRAIN CURRENT (mA) 




0.5 1.0 2.0 5.0 

l D , DRAIN CURRENT (mA) 



FIGURE 8 -TURN-OFF DELAY TIME 



FIGURE 9 - FALL TIME 




2.0 5.0 
l D , DRAIN CURRENT (mA) 




l D , DRAIN CURRENT (mA) 



FIGURE 10 — SWITCHING CIRCUIT 
and WAVEFORMS 




FIGURE 11 - SWITCHING CIRCUIT with 
IGFET EQUIVALENT MODEL 



The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (C gt = Ci« — Cm) has no charge. The 
drain voltage is at Vdd, and thus the feedback capacitance (Cm) is charged to 
Vod. Similarly, the drain-substrate capacitance (Cd(sub)) is charged to Vdd since 
the substrate and source are connected to ground. 

During the turn-on interval, C g . is charged to VGs(the input voltage) through 
Rs (generator impedance) (Figure 11). Cm must be discharged to Vgs — Vo|on| 
through Rs and the parallel combination of the load resistor(RD) and the channel 
resistance (rds). In addition, Cd($ub) is discharged to a low value (Vdm) through Rd 
in parallel with rds. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rdi) is a function of the gate-source voltage (Vgs). As C g « becomes 
charged Vgs is approaching Vi„ and rds decreases (see Figure 4) and since Cm 
and Cd(tub) are charged through rds, turn-on time is quite non-linear. 

If the charging time of C gi is short compared to that of Cm and Cd(sub), then 
rds (which is in parallel with Rd) will be low compared to Rd during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off rds will be almost an open circuit requiring Cm and Cd(sub) to be charged 
through Rd and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and C gt is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Rd simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im- 
pedance drive such as might occur in complementary logic circuits. 



>-Wv !~ T 1 It "P 1 * 
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Field-Effect Transistors 




w% tor, designed for enhancement- mode operation in low 
CASE 20 power switching applications. The 2N4352 is com- 

(TO-72) pie me ntary with type 2N4351 . 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Drain-Source Voltage 


V DS 


25 


Vdc 


Drain- Gate Voltage 


V D G 


75 


Vdc 


Gate-Source Voltage 


v G s 


±75 


Vdc 


Drain Current 


k> 


30 


mAdc 


Power Dissipation at T A = 25°C 
Derate above 25°C 


PD 


300 
1.7 


mW 
mW/°C 


Power Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


800 
4.56 


mW 
mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature 


T stg 


-65 to + 200 


°C 



HANDLING CONSIDERATIONS 



Insulated gate field-effect transistors, due to their extremely high input resis- 
tance, are subject to potential damage by the accumulation of excess static charge. 
To avoid possible damage to the devices while handling, testing, or in actual opera- 
tion, the following procedures should be followed: 

1. The leads of the devices should remain wrapped in the shipping foil except 
when being tested or in actual operation to avoid the build-up of static 
charge. 

2. Avoid unnecessary handling; when handled, the devices should be picked 
up by the can instead of the leads. 

3. The devices should not be inserted or removed from circuits with the power 
on as transient voltages may cause permanent damage to the devices. 
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Field-Effect Transistors 

2N4352 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic | Figure No. | Symbol | Win | Max | Unit | 

OFF CHARACTERISTICS 


D.rain-Source Breakdown Voltage 
(I D = -10 „A, V GS = 0) 




V (BR)DSS 


-25 




Vdc 


Gate Leakage Current 
(V GS =±25V,V DS = 0) 




'gss 




±10 


pAdc 


Zero-Gate-Voltage Drain Current 
<V DS = - 10 v . V GS = °> 




'dss 




5 




ON CHARACTERISTICS 


Gate-Source Threshold Voltage 
(V DS = -10 V, I D = -10 uA) 




V GS(TH) 


-1.5 


-6.0 


Vdc 


"ON" Drain Current 
(V GS = -10 V DS = -10 V) 


3 


l D(on) 


2.0 






Drain-Source "ON" Voltage 
(I D = -1 mA,V GS - -10 V) 




v DS(on) 




3 


V 


SMALL SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(V GS = -10 V, I D = 0, f = 1 kc) 


4 


r ds(on) 




600 




Forward Transfer Admittance 
(V DS = -10 V, I D = 2 mA, f = 1 kc) 


1 


l y fs| 


1000 






Reverse Transfer Capacitance 
* V DS = °- V GS = °. f = 140 kc - substrate connected to source) 


2 


C rss 




2.5 


Pf 
pf 


input capacitance 
* V DS = " 10 V > V GS = °- f=140kc - substrate connected to source) 


2 


C iss 




6.5 


Drain-Substrate Capacitance 
(V D ( S uB)= -10 V,f=140kc. substrate connected to source) 




C d(sub) 




2.0 


Pf 


SWITCHING CHARACTERISTICS 


Turn-On Delay 


I D = -1 mA,V DD = -10V. 

V GS = " 10V - R D = R S = 7kohms 


6, 10 


l dl 




80 




Rise Time 


7, 10 


t r 




95 


usee 


Turn-Off Delay 


8, 10 


l d2 




75 




Fall Time 


9, 10 






100 





FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 




-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 0 -2 -4 -6 -8 -10 

l D , DRAIN CURRENT (mA) VOLTAGE (VOLTS) 
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■ Field-Effect Transistors ■ 



2N4352 (continued) 



FIGURE 3 - TRANSFER CHARACTERISTICS FIGURE 4 - DRAIN SOURCE "ON" RESISTANCE 
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5°C 
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FIGURE 5 - "ON" DRAIN-SOURCE VOLTAGE 
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V GS , GATE-SOURCE VOLTAGE (VOLTS) 
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■ Field-Effect Transistors • 



2N4352 (continued) 



FIGURE 6 — TURN-ON DELAY TIME 



SWITCHING CHARACTERISTICS 
(Ta = 25°C) 

FIGURE 7 -RISE TIME 
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FIGURE 8 - TURN-OFF DELAY TIME 
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l D , DRAIN CURRENT (mA) 

FIGURE 9 -FALL TIME 



-2.0 -5.0 
l D , DRAIN CURRENT (mA) 




-1.0 -2.0 -5.0 

l D , DRAIN CURRENT (mA) 



FIGURE 10 -SWITCHING CIRCUIT 
and WAVEFORMS 




FIGURE 11 - SWITCHING CIRCUIT with 
IGFET EQUIVALENT MODEL 




The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (C gt = Cm — Cm) has no charge. The 
drain voltage is at Vdd, and thus the feedback capacitance (Cm) is charged to 
Vdd. Similarly, the drain-substrate capacitance (Cd(iubj) is charged to Vdd since 
the substrate and source are connected to ground. 

During the turn-on interval, C gi is charged to Vgs (the input voltage) through 
Rs (generator impedance) (Figure 11). Cm must be discharged to Vgs — VDion] 
through Rs and the parallel combination of the load resistor(Ro) and the channel 
resistance (rd$). In addition, Cd(sub) is discharged to a low value (Vo(on|) through Rd 
in parallel with rd«. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rd*) is a function of the gate-source voltage (Vgs). As C g « becomes 
charged Vgs is approaching Vi„ and rd« decreases (see Figure 4) and since Cm 
and Cd(sub) are charged through rd t , turn-on time is quite non-linear. 

If the charging time of C q « is short compared to that of Cm and Cd(»ub), then 
rds (which is in parallel with Rd) will be low compared to Rd during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off rdi will be almost an open circuit requiring Cm and Cd|mb) to be charged 
through Rd and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and C Q i is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Rd simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im- 
pedance drive stach as might occur in complementary logic circuits. 
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Field-Effect Transistors 



3N124 (SILICON) 

sn125 
sn126 




V DS = 50V 
l D = 20mA 
P D = 800 mW 



CASE 20 

(TO-72) 




N-channel silicon annular tetrode -connected field- 
effect transistors, designed for low-power switching 
and amplifier applications in the audio through VHF 
frequency range, features high breakdown voltage, low 
transfer capacitance, and tetrode configuration for a 
broad range of applications. 



MAXIMUM RATINGS 



Characteristics 


Symbol 


Rating 


Units 


Reverse Gate-Source Voltage 
Gate 1 
Gate 2 


G1S 
V G2S 


50 
50 


Vdc 


Drain-Source Voltage 


V DS 


50 


Vdc 


Drain- Gate Voltage 

Gate 1 
Gate 2 


V DG1 
V DG2 


50 
50 


Vdc 


Gate 1-Gate 2 Current 


*G1G2 


1.0 


mAdc 


Gate 2 -Gate 1 Current 


*G2G1 


1.0 


mAdc 


Gate Current 

Gate 1 
Gate 2 


l Gl 


20 
20 


mAdc 


Drain Current 


to 


20 


mAdc 


Junction Operating Temperature 




200 


°C 


Storage Temperature Range 


Tstg 


-65 to +200 


°C 


Total Device Dissipation @ T A = 25°C 
Derate Above 25°C 




300 
1.71 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate Above 25°C 


Pd 


800 
4.57 


mW 
mW/°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Gate-Source Breakdown Voltage 
(I G = 10 M A, V DS = 0, V G1G2 = 0) 


V (BR)GSS 


50 




Vdc 


Gate Reverse Current 
(V GS -= 25 V, V DS = 0, V G1G2 = 0) 
(V GS = 25 V, V DS = 0, V G1G2 = 0, T A = 150°C) 


l GSS 




0.250 
250 


nAdc 


Zero- Gate- Voltage Drain Current 
(V DS = 15 V, V G1G2 = 0, V GS = 0) 3N124 

3N125 
3N126 


l DSS 


0.2 
1.5 
3.0 


2.0 
4.5 
9.0 


mAdc 
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Field-Effect Transistors 



3N124, 3N125, 3N126 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified.) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Gate-Source Voltage 
(I D = 20 /xA, V DS = 15 V, V G1G2 = 0) 
(I D = 150 /xA, V DS =15 V, V G1G2 = 0) 
(I D = 300 n A, V DS = 15 V, V G1G2 = 0) 


3N124 
3N125 
3N126 


V GS 


0.2 
1.0 
1.5 


2.0 
3.0 
5.5 


Vdc 


Gate-Source Cutoff Voltage 
(V DS = 15 V, I D = lfiA,V G1G2 = 0) 


3N124 
3N125 
3N126 


v GS(off) 




-2.5 
-4.0 
-6.5 


Vdc 


Gate 1-Source Cutoff Voltage 
(V DS = 15 V, I D = 1 fiA, V G2S = 0) 


3N124 
3N125 
3N126 


V GlS(off) 


- 


-5 
-8 
-18 


Vdc 


Gate 2-Source Cutoff Voltage 
(V DS = 15 V, I D = 1 M A, V Glg = 0) 


3N124 
3N125 
3N126 


V G2S(off) 


- 


-8 
-14 
-26 


Vdc 


Gate 1-Gate 2 Reach Through Voltage 
(V DS = 15V,I G1G2 = 10 M A,V G2S = 0) 


3N124 
3N125 
3N126 


V G1G2 


1 
3 
5 


— 


Vdc 


Gate 2-Gate 1 Reach Through Voltage 
(V DS = 15 V, I Q2G1 = 10 fiA, V Q1S = 0) 


3N124 
3N125 
3N126 


V G2G1 


2 
6 

10 




Vdc 


Gate 1-Gate 2 Reach Through Drain Current 
(V DS = 15 V, I G1 = 10 nA, V G2g = 0) 


X D 




1.0 


MA 


Gate 2-Gate 1 Reach Through Drain Current 
(V DS = 15 V, I G2 = 10 nA, V Glg = 0) 






1.0 


M A 


SMALL-SIGNAL COMMON-SOURCE CHARACTERISTICS 


Forward Transfer Admittance 

(V DS = 15 V, V G1S = V G2S = 0, f = 1 kc) 

Gate 1-Gate 2 


3N124 
3N125 
3N126 


\y*s\ 


500 
800 
1200 


2000 
2400 
3600 


/imhos 


Gate 1 only 


3N124 
3N125 
3N126 


l y fsl| 


250 
400 
600 


1000 
1600 
2700 




Gate 2 only 


3N124 
3N125 
3N126 


| yfs2 1 


200 
250 
400 


800 
1000 
1200 




(f = 100 mc) Gate 1 only 


3N124 
3N125 
3N126 


I y fsl| 


250 
400 
600 






Output Admittance 
(V DS = 15 V, V G1S = V G2S = 0, f = 1 kc) 


3N124 
3N125 
3N126 


l y os| 




2.0 
10.0 
20.0 


/i mhos 


Input Capacitance 
(V DS = 15 V, V Glg = V G2S = 0,f = l kc) 

Gate 1-Gate 2 
Gate 1 only 
Gate 2 only 


^iss 
pssl 
c iss2 




14 
5 
9 


pf 


Reverse Transfer Capacitance 
(V DS = 15 V, V G1S = V G2S = 0, f = 1 kc) 

Gate 1-Gate 2 
Gate 1 only 
Gate 2 only 


^rss 
^rssl 
C rss2 




2.0 
0.5 
1.5 




Spot Noise Figure 
( y DS = 15 V » V G1S = V G2S = °» R g = 1 me e° nm » f = 1 kc, BW = 


100 cps) 


NF 




4 


db 


Static Drain-Source "ON" Resistance 

(v G s = o, v DS = 0) 


3N124 
3N125 
3N126 


r DS(on) 


Typical 

1000 
750 
500 


ohms 
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Field-Effeci Transistors 



3N124, 3N125, 3N126 (continued) 



FIGURE 1 - DRAIN CURRENT versus 
GATE SOURCE VOLTAGE 



3: 



. V DS = 15 V 
T A = 25°C 
G i CONNECTED 70 G 2 



V GS , GATE SOURCE VOLTAGE (VOLTS) 



FIGURE 2 -PARAMETER 
INTER-RELATIONSHIPS 
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V GS , GATE SOURCE VOLTAGE (VOLTS) 



FIGURE 3 - FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 



FIGURE 4 GATE 1 - FORWARD TRANSFER 
ADMITTANCE versus GATE 2 - SOURCE VOLTAGE 




.01 .02 0.5 0.7 0.1 0.2 0.5 0.7 1.0 2 5 7 10 
Id. DRAIN CURRENT (mA) 



-4 -6 -8 -10 -12 -14 -16 
V G2S , GATE 2 - SOURCE VOLTAGE (VOLTS) 



NOISE CHARACTERISTICS 

Vds = 15 V, Id - loss, Ta = 25°C 
GATE 1 CONNECTED TO GATE 2 



FIGURE 5A - FREQUENCY VARIATIONS 



FIGURE 5B - SOURCE RESISTANCE VARIATIONS 
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Field-Effect Transistors 



3N124, 3N125,3N126 (continued) 

HIGH FREQUENCY y PARAMETER CHARACTERISTICS 
Vds = 15 V, Vgs = 0, Ta— 25°C - GATE 2 CONNECTED TO SOURCE 

FIGURE 6 - INPUT ADMITTANCE FIGURE 7 - REVERSE 

TRANSFER ADMITTANCE 



E E 
MB 



- Y| i = Y h - 



50 70 100 
f, FREQUENCY (MC) 




50 70 100 200 
f, FREQUENCY (MC) 




TYPICAL PERFORMANCE USING THE 3N126 
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Field-Effecf Transistors 



MFE2093 (SILICON) 

mfe2094 
mfe2095 



CASE 20 

(TO-72) 





V DS = 50V 
l D = 3 mA 
P D = 300 mW 



Silicon N-channel junction field-effect transistors, 
designed for low-power audio amplifier and switching 
applications. Drain and Source interchangeable. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Drain-Source Voltage 


V DS 


50 


Vdc 


Drain-Gate Voltage 


V DG 


50 


Vdc 


Gate-Source Voltage 


v 

V GS 


-50 


Vdc 


Drain Current 


l D 


3 


mAdc 


Power Dissipation 


P D 


300 


mW 


Derate above 25 °C 




2 


mW/°C 


Operating Junction Temperature 


T J 


175 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25 "C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G = -10 fiAdc, V DS = 0) 


V (BR)GSS 


-50 






Vdc 


Gate Reverse Current 

(V Gg = -15 Vdc, Vds = 0) 

(V GS =-15 Vdc, V DS = 0, T A .150"C) 


X GSS 






-0.1 
-100 


nAdc 


Gate-Source Cutoff Voltage 

(1- = 0. 1 nAdc, V nQ = 15 Vdc) MFE2093 
D Ut> MFE2094 

MFE2095 


V GS(off) 




-1.5 
-3.0 
-4. 5 


-2. 5 
-4. 5 
-5. 5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate -Voltage Drain Current* 

(V^ = 15 Vdc, V r „ = 0) MFE2093 
° & MFE2094 

MFE2095 


J DSS* 


0. 1 
0.4 
1.0 


8.35 

0. 7 

1. 5 


0. 7 

1. 4 
3.0 


mAdc 


DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 

(V™ = 15 Vdc, V„ c = 0, f = 1 kHz)* MFE2093 
Ub ° b MFE2094 

MFE2095 

(V^o = 15 Vdc, V~_ = 0, f = 100 MHz) MFE2093 
DJ> MFE2094 

MFE2095 


|v, s | 


250 
350 
400 

150 
250 
300 


400 
500 
600 


500 
700 
800 


fimhos 


Output Admittance* 

(W nc = 15 Vdc, V~ c = 0, f = 1 kHz) MFE2093 
DS GS MFE2094 

MFE2095 






0.5 
1.0 
4.0 


1.5 
3.0 
10.0 


jirnhos 


Drain-Source Resistance 

(V™, = °. V„ c = 0) MFE2093 
1X3 GS MFE2094 

MFE2095 


ds(on) 




2500 
1600 
1300 




Ohms 


Input Capacitance 

(V Dg = 15 Vdc, V GS = 0, f = 140 kHz) 


C iss 




4.0 


6.0 


P F 


Reverse Transfer Capacitance 

(V Dg = 15 Vdc, V QS = 0, f = 140 kHz) 


C 

rss 




1.2 


2.0 


pF 



.♦Pulse Test: Pulse Width S 630 ms, Duty Cycle S 10% 
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Field-Effect Transistors 

ADDITIONS AND MODIFICATIONS 



10-28 



Field-Effeci Transistors 

ADDITIONS AND MODIFICATIONS 
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Field-Effect Transistors 

ADDITIONS AND MODIFICATIONS 
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Multiple and Special Devices 



MULTIPLE & SPECIAL 
DEVICES 



11-1 



Multiple and Special Devices 



For case outline dimensions, see page 1-186. 
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Multiple and Special Devices 



MULTIPLE and SPECIAL DEVICES 



This section contains data-sheet specifications for multiple devices such as dual 
transistors and dual diodes, and other special semiconductors that have no specific 
category. 

Device type numbers included in this section are: 



DUAL TRANSISTORS FOR 
DIFFERENTIAL AMPLIFIER 
APPLICATIONS 
(MATCHED PAIRS) 



DUAL TRANSISTORS FOR HIGH SPEED 
SWITCHING AND AMPLIFIER APPLICATIONS 



TYPE 


PAGE NUMBER 


MATERIAL 


POLAR- 
ITY 


2N2060 
2N2060A 

2N2223 
2N2223A 

2N2480 
2N2480A 


11-4 thru 11-6 
11-4 thru 11-6 


Silicon 
Silicon 

Silicon 
Silicon 

Silicon 
Silicon 


NPN 
NPN 

NPN 
NPN 

NPN 
NPN 


2N3409 
2N3410 
2N3411 


11-9, 11-10 
11-9, 11-10 
11-9, 11-10 


Silicon 
Silicon 
Silicon 


NPN 
NPN 
NPN 


MD1120 
MD1121 
MD1122 


11-18, 11-19 
11-18, 11-19 
11-18, 11-19 


Silicon 
Silicon 
Silicon 


NPN 
NPN 
NPN 


MD1129 


11-24, 11-25 


Silicon 


NPN 


MD1130 


11-26, 11-27 


Silicon 


PNP 


MD1132 


11-30, 11-31 


Silicon 


NPN 



TYPE 


PAGE NUMBER 


MATERIAL 


POLAR- 
ITY 


COMPLEMEN- 
TARY 
CIRCUITRY WITH 


2N2913 thru 2N2920 


11-7, 11-8 


Silicon 


NPN 




2N2972 thru 2N2979 


11-7, 11-8 


Silicon 


NPN 




2N3800 thru 2N3811 


11-11, 11-12 


Silicon 


PNP 




MD984 


11-14, 11-15 


Silicon 


PNP 




MD1126 
MD1127 


11-20, 11-21 
11-20, 11-21 


Silicon 
Silicon 


NPN 
NPN 




MD1128 


11-22, 11-23 


Silicon 


NPN 




MD1131 


11-28, 11-29 


Silicon 


NPN 




MD1134 


11-32, 11-33 


Silicon 


NPN 




MD2218, A 
MD2219, A 


11-34 thru 11-40 
11-34 thru 11-40 


Silicon 
Silicon 


NPN 
NPN 


MD2904 
Series 


MD2904, A 
MD2905, A 


11-41 thru 11-46 
11-41 thru 11-46 


Silicon 
Silicon 


PNP 
PNP 


MD2218 
Series 


MD3250, A 
MD3251, A 


11-47 thru 11-50 
11-47 thru 11-50 


Silicon 
Silicon 


PNP 
PNP 





DUAL TRANSISTORS, NPN-PNP FOR COMPLEMENTARY 
SWITCHING AND AMPLIFICATION 



TYPE 


PAGE NUMBER 


MATERIAL 


POLARITY 


CONCURRENT COMPLEMENTARY WITH 


MD986 


11-16, 11-17 


Silicon 


NPN-PNP 


I NPN - 2N2218 and 2N2219) 
I PNP - 2N2904 and 2N2905 J 


MD6001 
MD6002 


11-51, 11-52 
11-51, 11-52 


Silicon 
Silicon 


NPN-PNP 
NPN-PNP 


{ NPN - 2N2218 and 2N2219) 
\ PNP - 2N2904 and 2N2905 / 



SPECIAL DEVICES 



TYPE 


PAGE NUMBER 


MATERIAL 


DESCRIPTION 


APPLICATION 


MCL1300 
MCL1301 
MCL1302 
MCL1303 
MCL1304 


11-13 
iji3 


Silicon 

1 

Silicon 


Field- Effect Diode 
Effect 
Diode 


Current Limiter 


MSD6100 


11-53, 11-54 


Silicon 


Dual Switching Diode 
(Plastic Case) 


High Speed Switch 


MSD6101 


11-55, 11-56 


Silicon 


Discriminator Diode 
(Plastic Case) 


FM Discriminator 
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Multiple and Special Devices 



2n2060,A 
2n2223,A 
2n2480,A 



NPN silicon annular Star dual transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 



CASE 32A 




PIN CONNECTIONS 
BOTTOM VIEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 

2N2060. 2N2060A. 2N2223. 2N2223A 

2N2480 

2N2480A 


v 

v CBO 


100 

75 
80 


Vdc 


Collector-Emitter Voltage 

2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480. 2N2480A 


v 

CEO 


60 
40 


Vdc 


Collector-Emitter Voltage (R fiE £ 100) 
2N2060. 2N2060A. 2N2223. 2N2223A 


V CER 


80 


Vdc 


Emitter-Base Voltage 

2N2060. 2N2060A, 2N2223. 2N2223A 
2N2480. 2N2480A 


V EBO 


7 
5 


Vdc 


DC Collector Current 


l c 


500 


mAdc 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +300 


°C 






One 
Side 


Both 
Sides 




Total Device Dissipation @ T_ = 25 °C 
Derate above 25°C 


P D 


1.6 
9. 1 


3. 0 
17.2 


Watts 


Total Device Dissipation @T. = 25 °C 
Derate above 25 °C 


P D 


0. 5 
2.86 


0. 6 
3. 43 


Watt 
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Multiple and Special Devices 

2N2060, A, 2N2223, A f 2N2480, A (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 

(U = 100 /xAdc, I_. = 0) 
v C ^ E 




2N2060, 2N2060A, 

2N2223A 
2N2480 
2N2480A 


2N2223, 


BV CBO 


100 
75 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I_ = 20 mAdc, l n = 0) 
(l£ = 30 mAdc, Ig = 0) 




2N2480, 2N2480A 
2N2060, 2N2060A. 
2N2223A 


2N2223, 


BV CEO* 


40 
60 


- 


Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 100 mA, R BE £ lOfl) 




2N2060, 2N2060A, 
2N2223A 


2N2223, 


BV CER* 


80 




Vdc 


Emitter-Base Breakdown Voltage 
(I £ = 100 /aAdc, 1^ = 0) 




2N2060 2N2060A 

2N2223A 
2N2480, 2N2480A 


2N2223 


BV EBO 


7 
5 


- 


Vdc 


Collector Cutoff Current 
(V CB = 60 Vdc, I E = 0) 

(V rr = 30 Vdc, I = 0, T. = 150^) 
(V^jJ = 80 Vdc, q = 0) 

(V CB = 80 Vdc, I E = 0, T A = 150"C) 




2N2480 
2N2480A 

2N2480, 2N2480A 
2N2060, 2N2060A 
2N2223, 2N2223A 
2N2060, 2N2060A 
2N2223, 2N2223A 








. 050 
.020 
15 
.002 
. 010 
10 
15 


jiAdc 


Emitter Cutoff Current 
(V EB = 5Vdc, I c =0) 




2N2060. 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 




^BO 




2 
10 
50 
20 




DC Current Gain 

(I c = 10/iAdc, V CE = 5 Vdc) 

(I c = 100 jiAdc, V CE = 5 Vdc) 

(I c -1 mAdc, V CE = 5 Vdc) 
(I c = 10 mAdc, V CE = 5 Vdc)* 




2N2060, 2N2060A 
2N2223. 2N2223A 
2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 

2N2060, 2N2060A 

2N2480 

2N2480A 

2N2060, 2N2060A 
2N2223, 2N2223A 




h FE 


25 
15 
30 
25 
20 
35 

30 
50 
50 
50 


75 

90 
150 

350 
200 
150 
200 




DC Current Gain Ratio** 

(I c = 100 fiAdc, V CE = 5 Vdc) 

a c - 1 mAdc, V CE = 5 Vdc) 




2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N2480A 
2N2060, 2N2060A 
2N2480, 2N2480A 


h FE/ h FE2** 


0. 9 
0. 8 
0. 9 
0. 8 


1. o 
1. 0 
1. 0 
1. 0 




Base Voltage Differential 

(I c = 100 ,iAdc, V CE - 5 Vdc) 

(I c = 1 mAdc, V CE - 5 Vdc) 




2N2060A 

2N2060, 2N2223A, 2N2480A 

2N2480 

2N2223 

2N2060, 2N2060A, 2N2480A 
2N2480 


| V BEl" V BE2l 




3 
5 

10 
15 
5 
10 


mVdc 
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Multiple and Special Devices 

2N2060, A, 2N2223, A, 2N2480, A (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Emitter Saturation Voltage 

(I p = 50 mAdc, I = 5 mAdc) 2N2060A 
L B 2N2060, 2N2223, 2N2223A, 

2N2480A 
2N2480 


V CE(sat) 


- 


0. 6 
1.2 

1. 3 


Vdc 


Base-Emitter Saturation Voltage 

(I- = 50 mAdc, I n = 5 mAdc) 2N2060, 2N2060A, 2N2223, 
C B 2N2223A, 2N2480A 

2N2480 


V BE(sat) 




0. 9 

1. 0 


Vdc 


Small-Signal Forward Current Transfer Ratio 
' (I = 50 mAdc. V = 10 Vdc, f = 20 mc) 2N2223, 2N2223A, 2N2480, 
L Ltj 2N2480A 

2N2060, 2N2060A 


h fe 


2. 5 

3. 0 






Collector Output Capacitance 

(V = 10 Vdc, f = 1 mc) 2N2060, 2N2060A, 2N2223, 
LU 2N2223A 

2N2480A 
2N2480 


C ob 




15 

18 
20 


Pf 


Collector Input Capacitance 

(V,-, n - 0. 5 Vdc, F = 1 mc) 2N2060, 2N2060A, 2N2223, 
LB 2N2223A. 2N2480A 


C ib 




85 


pf 


Small-Signal Current Gain 

(I = 1 mAdc, V =5 Vdc, f =^1 kc) 2N2060, 2N2060A 
L C 2N2223, 2N2223A 

2N2480A 


h fe 


50 
40 
50 


150 
120 

300 




Input Impedance 

(I = 1 mAdc, V = 5 Vdc, f = 1 kc) 2N2060, 2N2060A, 2N2223, 
C Lli 2N2223A 

2N2480A 

(I r = 1 mAdc, V = 5 Vdc, f = 1 kc) 2N2060, 2N2060A 
L Lt 2N2480A 


h.. 
lb 

h 

h ib 

&• 

le 


20 

20 
1000 
1000 


30 

35 
4000 
5000 


ohms 


Output Admittance 

(l n = 1 mAdc, V„„ = 5 Vdc, f = 1 kc) 2N2223, 2N2223A 

(l£ = 1 mAdc, V^ = 5 Vdc, f = 1 kc) 2N2060, 2N2060A, 2N2480A 


. ob 
h 

oe 


4.0 


0. 5 
16 


/imhos 


Voltage Feedback Ratio, Common Base 

li i „i j„ tr _ C iTAn f - 1 9N9991 9N9991A 

(1^ = 1 mAdc, V^,g = □ Vdc, 1 = 1 kc; . zinzzzj, zinzzzja 


h . 
rb 






X10" 4 


"Noise Figure 

(I r = 0. 3 mAdc, V = 10 Vdc, f = 1 kc, R = 510fl, BW = 1 cps) 2N2480, 2N2480A 
(Ip = 0. 3 mAdc, \T 7, = 10 Vdc.f = 1 kc, R^ = 51042, BW = 200 cps) 2N2060, 2N2060A 
(V£ = 0. 3 mAdc, v££ = 10 Vdc, f = 1 kc, R^ = 1 kQ, BW = 15. 7 kct) 2N2060. 2N2060A 


NF 




8 
8 
8 


db 


Base Voltage Differential Change 

(I r = 100 MAdc, Vp„ = 5 Vdc, T. = -55 to +25°C) 2N2060A 
c 2N2060 

2N2223, 2N2223A 
2N2480, 2N2480A 

(I r = 100 /iAdc, V„„ = 5 Vdc, T. = 25 to 125'C) 2N2060 
L Lt A 2N2060A 

2N2223, 2N2223A 
2N2480, 2N2480A 


^BErW 




0.4 

0. 8 
2.0 
1.2 

1. 0 

0. 5 

2. 5 

1. 5 


mVdc 



* Pulse Test: Pulse Width g 300 /usee, Duty Cycle ^ 2% ** The lowest hp E reading is taken as h FEJ for this ratio 

t Amplifier: 3 db points at 25 cps and 10 kc with a roll-off of 6 db per octave 
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Multiple and Special Devices 



2N2913thru2N2920 

2 N 2972thru2N2979 



V CEO = 45-60 V 
l c = 30mA 
P D = 300 mW one side 
600 mW both sides 



Dual NPN silicon annular transistors, especially 
designedfor low-level, low-noise differential amplifier 
applications, feature very high Beta guaranteed from 
10 nAdc to 1.0 mAdc and excellent noise character- 
istics. 




CASE 35 CASE 32A 

(TO-71) 




Pin Connections, Bottom View 
All Leads Electrically Isolated From Case 



MAXIMUM RATINGS (each side) (at 25°C ambient temperature unless otherwise noted) 







Rating 




Characteristics 


Symbol 


2N2913-18 


2N2919-20 


Unit 






2N2972-77 


2N2978-79 




Collector-Base Voltage 


V CBO 


45 


60 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


45 


60 


Vdc 


Emitter-Base Voltage 


v EBO 


6 


Vdc 


DC Collector Current 


r c 


30 


mAdc 


Junction Temperature 


T J 


+200 


°C 


Storage Temperature Range 


T st R 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation @T A = 25°C 


P D 








TO -5 Case 




300 


600 


mW 


Derate above 25° C 




1.7 


3.4 


mW/°C 


TO- 18 Case 




250 


300 


mW 


Derate above 25 °C 




1.43 


1. 72 


mW/°C 


Total Device Dissipation @T C = 25°C 


P D 








TO-5 Case 




750 


1500 


mW 


Derate above 25 °C 




4.3 


8.6 


mW/°C 


TO- 18 Case 




500 


750 


mW 


Derate above 25 °C 




2.85 


4.3 


mW/°C 
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Multiple and Special Devices — 
2N2913 thru 2N2920, 2N2972 thru 2N2979 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


2N2913 thru 2N2918, 2N2972 thru 2N2977 
2N2919, 2N2920, 2N2978, 2N2979 


BV CBO 


45 
60 


90 





Vdc 


Collector-Emitter Sustaining Voltage 
(I c = 10 mAdc, I B = 0) 


2N2913, thru 2N2918, 2N2972 thru 2N297' 
2N2919, 2N2920, 2N2978, 2N2979 


BV CEO(sus) 


45 
60 


70 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 ^Adc, I c = 0) 


All Types 












BV EBO 


6 






Vdc 


Collector-Base Cutoff Current 
(V CB = 45 Vdc, I E = 0) 

(V CB = 45 Vdc, I E =0, T A = 150°C) 


2N2913 thru 18, 
2N2919, 2N2920 
All Types 


2N2972 thru 77 
2N2978, 2N2979 




*CBO 


— 


— 


0.010 
0.002 
10 


nAdc 


Collector-Emitter Cutoff Current 
(V CE = 5 Vdc, I B = 0) 


All Types 












^EO 






0.002 


MAdc 


Emitter-Base Cutoff Current 
(V EB = 5 Vdc, I c = 0) 


All Types 












X EBO 






0. 002 


/xAdc 


(l c = 1 mAdc, I fi = 0. 1 mAdc)"' * 


All Types 












V CE(sat) 






0. 35 


Vdc 


Base-Emitter "ON" Voltage 
(I c = 100 MAdc, V CE = 5 Vdc) 


All Types 












V BE(ON) 






0.7 


Vdc 


DC Current Gain* 
(I c = 10 /xAdc, V CE = 5 Vdc) 


2N2913, 15, 
2N2914, 16, 


17, 

18, 


19, 2N2972, 

20, 2N2S73, 


74, 
75, 


76, 
77, 


78 

79 • 


h FE 


150 




600 


— 


(I c = 10//Adc, V CE = 5 Vdc, T A = -55°C) 


2N2913, 15, 
2N2914, 16, 


17, 
18, 


19, 2N2972, 

20, 2N2973, 


74, 
75, 


76, 
77, 


78 
79 




15 
30 


— 


— 




(I c = 100 uAdc, V CE = 5 Vdc) 


2N2913, 15, 
2N2914, 16, 


17, 
18, 


19, 2N2S72, 

20, 2N2973, 


74, 
75, 


76, 
77, 


78 
79 




225 








(I c = 1 mAdc, V CE = 5 Vdc) 


2N2913, 15, 
2N2914, 16, 


17, 
18, 


19, 2N2972, 

20, 2N2973, 


74, 
75, 


76, 
77, 


78 
79 




150 
300 








Output Capacitance 
(V CB = 5 Vdc, I E = 0, f = 140 kc) 


All Types 












c 

obo 




4 


6 


Pi 


High Frequency Current Gain 
(I c = 500 nA, V CE = 5 V, f = 20 mc) 


All Types 












I h fel 


3.0 








Input Impedance 
(I c = 1.0 mA, V CB = 5 V, f = 1 kc) 


All Types 












h ib 


25 


28 


32 


ohms 


Output Admittance 
(I c = 1.0 mA, V CB = 5 V, f = 1 kc) 


All Types 












h ob 






1.0 


jimhos 


Noise Figure 
(I c = 10 M A, V CE = 5 V, R G = 10 kohms) 














NF 








db 


f = 1 kc, BW = 200 cps 


2N2914, 16, 
2N2913, 15, 


18, 
17, 


20, 73, 75, 
19, 72, 74, 


77, 
76, 


79 
78 








2 
3 


3 
4 




f = 10 cps to 15. 7kc, BW = 10 kc 2N2914, 16, 
2N2913, 15, 


18, 
17, 


20, 73, 75, 
19, 72, 74, 


77, 
76, 


79 
78 








2 
3 


3 
4 




MATCHING CHARACTERISTICS 


DC Current Gain Ratio** 
(I c = 100 /xAdc, V CE = 5 Vdc) 


2N2917, 18, 
2N2915, 16, 


76, 
19, 


77 

20, 74, 75, 


78, 


79 




h FEl /h FE2** 


0.8 
0.9 




1.0 
1.0 




Base Voltage Differential 
(I c = 10 ii A, to 1. 0 mA, V CE = 5 Vdc) 


2N2917, 18, 
2N2915, 16, 


76, 
19, 


77 

20, 74, 75, 


78, 


79 




| V BE1" V BE2| 






10 
5 


mVdc 


(I c = 100 M Adc, V CE = 5 Vdc) 


2N2917, 18, 
2N2915, 16, 


76, 
19, 


77 

20, 74, 75, 


78, 


79, 










5 
3 




Base Voltage Differential Change 
(I r = 100 MAdc, V pp = 5 Vdc, T. = -55 to +25°C) 2N2917, 18, 
c 2N2915, 16, 


76, 
19, 


77 

20, 74, 75, 


78, 


79 




*< V BEr V BE2> 






1.6 
0.8 


mVdc 


(I c = 100/xAdc, V CE = 5 Vdc, T A = 25 to 125°C) 


2N2917, 18, 
2N2915, 16, 


76, 
19, 


77 

20, 74, 75, 


78, 


79 










2.0 
1.0 





* Pulse Test s 300 Msec, duty cycle s? 2% 



**The lowest hp £ reading is taken as hp E1 for this ratio 
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-Multiple and Special Devices- 



2N3409 thru 2N3411 





V CEO = 30V 
l c = 500 mA 



NPN silicon annular Star dual transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 



CASE 32 




PIN CONNECTIONS 
BOTTOM VIEW 

MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


60 


Vdc 


Collector- Collector Voltage 


V CCO 


100 


Vdc 


Collector- Emitter Voltage 


V CEO 


30 


Vdc 


Emitter- Base Voltage 


V EBO 


5 


Vdc 


D.C. Collector Current 
(Limited by P D ) 


*C 


500 


mAdc 


Junction Temperature 


T J 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


P D 


500 
2.9 


600 
3.4 


mW 
mW/°C 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 juAdc) 


BV CBO 


60 




Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc) 


BVcEO* 


30 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 fi Adc) 


BV EBO 


5 




Vdc 
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-Multiple and Special Devices 

2N3409-2N3411 (continued) 



ELECTRICAL CHARACTERISTICS (each side) (continued) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector Cutoff Current 
(V CB = 50 Vdc) 
(V CB = 50 Vdc, T A = 150°C) 


^BO 


— 


.010 
10 




Emitter Cutoff Current 
(V BE = 3 Vdc) 


^BO 




10 


nAdc 


Collector to Collector Current 
(V cc = 100 Vdc) 


*CCO 




100 


nAdc 


Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V CE(sat) 


— 


0.15 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


v BE(sat) 




0.85 


Vdc 


DC For \vcird Current Transfer Ratio 




"FE 






— 


(I c = 10 MAdc, V CE = 10 Vdc) 
(I c = 100 //Adc, V CE = 10 Vdc) 
(Iq = 1 mAdc, V CE = 10 Vdc) 
(I c = 10 mAdc, V CE = 10 Vdc) 


2N3410, 2N341] 
All Types 
All Types 
All Types 


20 
30 
40 
50 


100 
120 
160 
200 




DC Current Gain Ratio ** 
(I c = 100 //Adc, V CE = 10 Vdc) 


2N3409 

2N3410, 2N34U 


h FEl/ h FE2** 


0.8 
0.9 


1.0 
1.0 


— 


(I c = 1 mAdc, V CE = 10 Vdc) 


2N3411 




0.9 


1.0 




Base Voltage Differential 
(IC = 100 /iAdc, V CE = 10 Vdc) 


2N3409, 2N3410 
2N3411 


| V BE1" V BE2 1 




10 


mVdc 


(I c = 1 mAdc, V CE = 10 Vdc) 


2N3411 






5 




Base Voltage Differential Change 
(I c = 100 /iAdc, V CE = 10 Vdc, T A = 

-55 to +25°C) 
(I c = 100 MAdc, V CE = 10 Vdc, T A = 

25 to 125°C) 


2N3409 

2N3410, 2N3411 
2N3409 

2N3410, 2N3411 


A ( V BE1- V BE2) 


1 1 1 1 


1.6 
0.8 

2.0 
1.0 


mVdc 


Collector Output Capacitance 
(V CB = 10 Vdc, f = 1 mc) 


C ob 




8 


pf 


Collector Input Capacitance 
(V BE = 0.5 Vdc, f = 1 mc) 


C ib 




25 


pf 


Small-Signal Forward Current Transfer Ratio 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 mc) 


hfe 


2.5 






Noise Figure 
(I c = 100 mA, V ce = 5 V, f = 1 kc, BW= 1 


cps, R s = 1 KS3) 


NF 




4 


db 



*Pulse Test: Pulse Width ^ 300 Msec, Duty Cycle s 2% 



**The lowest h pF reading is taken as h FFl for this ratio 



n-io 



Multiple and Special Devices 



2N3800thru 2N381 





1 



V CEO = 60V 
! c = 50 mA 



PNP silicon annular dual transistors for low-level, 
low-noise differential amplifier applications. 



CASE 35 v x CASE 32 

(TO- 71) 

2N3800 2N3806 
thru thru 
2N3805 2N3811 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

v CBO 


60 


Vdc 


Collector-Emitter Voltage 


v 

v CEO 


60 


Vdc 


Emitter-Base Voltage 


v 

V EBO 


5 


Vdc 


DC Collector Current 


! c 


50 


mAdc 


Junction Temperature 


T J 




200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


"c 






One Side 


Both Sides 




Total Device Dissipation @ T. = 25°C 
TO- 5 Case 

Derate above 25°C 


P D 


500 
2.9 


600 
3.4 


mW 
mW/'C 


TO-18 Case 

Derate above 25°C 




250 
1. 5 


360 
2.06 


mW 
mW/°C 



NOISE FIGURE VERSUS FREQUENCY AND SOURCE RESISTANCE 
2N3800.02, 04,06,08,10 2N3801 ,03,05,07,09,1 1 




o I — I I I— Li — _L J l — I — L — L_i — LU o i 1— J — I I I Li — LU l_J — LU 

0.1 0.2 0.3 0.5 0.7 1.0 2 3 5 7 10 20 30 50 70 100 0.1 0.2 0.3 0.5 0.7 1.0 2 3 5 7 10 20 30 50 70 100 

f, FREQUENCY (kc) and R,, SOURCE RESISTANCE (kohms) f, FREQUENCY ( kc ) and R„ SOURCE RESISTANCE (kohms) 
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•Multiple and Special Devices - 



2N3800 thru 2N381 1 (continued) 



ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 



Characteristic 



Symbol 



Typical 



Collector-Base Breakdown Voltage 
(I c = lOfiAdc, I E = 0) 



Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 



Emitter-Base Breakdown Voltage 
(I E = 10 fMdc, I c = 0) 



Collector Cutoff Current 
(V pR = 50 Vdc, I p = 0) 
(vgg-SOVdc, lg-0, T A 



= 150°C) 



Emitter Cutoff Current 
(V PR = 4 Vdc, I = 0) 



Collector-Emitter Saturation Voltage* 
(I = 100 MAdc, 1„ = 10 /iAdc) 
(ij; = 1 mAdc, i" = 100 M Adc) 



Base-Emitter Saturation Voltage* 
(I = 100 fxAdc, I = 10 /iAdc) 
(K = 1 mAdc, I„ = 100 /zAdc) 



DC Forward Current Transfer Ratio* 



^C 


= 1 M Adc, V CE = 


5 Vdc) 


Cc 


= 10 fxAdc, V CE = 


5 Vdc) 


*c 


= 100 fiAdc, V CE 


= 5 Vdc) 


^c 


= 100 /iAdc, V CE 


= 5 Vdc, 


(i c 


= 500 MAdc, V CE 


= 5 Vdc) 


«c 


= 1 mAdc, V CE = 


5 Vdc) 


*c 


= 10 mAdc, V CE 


= 5 Vdc) 



2N3801, 


03, 


05, 


07, 


09, 


11 


2N3800, 


02, 


04, 


06, 


08, 


10 


2N3801, 


03, 


05, 


07, 


09, 


11 


2N3800, 


02, 


04, 


06, 


08, 


10 


2N3801, 


03, 


05, 


07, 


09, 


11 


2N3800, 


02, 


04, 


06, 


08, 


10 


2N3801, 


03, 


05, 


07, 


09, 


11 


2N3800, 


02, 


04, 


06, 


08, 


10 


2N3801, 


03, 


05, 


07, 


09, 


11 


2N3800, 


02, 


04, 


06, 


08, 


10 


2N3801, 


03, 


05, 


07, 


09, 


11 


2N3800, 


02, 


04, 


06, 


08, 


10 


2N3801, 


03, 


05, 


07, 


09, 





Base Emitter "ON" Voltage 
(I r •= 100 MAdc, V pjr = 5 V) 



Output Capacitance 

(V CB = 5 Vdc, I E = 0, f = 100 kc) 



Input Capacitance 

(V EB = 0. 5 Vdc, I c = 0, f = 100 kc) 

Small Signal Current Gain 

(I c = 500 mA, V ce i5V, f = 30 mc) 

fl c = 1 mA, V CE = 5 V, f = 100 mc) 

(I c = 1 mA, V CE = 10 V, f = 1 kc) 



2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07 , 09, 11 



Voltage Feedback Ratio 

(I p =1.0 mA, V rp = 10 V, i = 



Ike) 



Input Impedance 



2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 



Output Admittance 

(I c = 1.0 mA, V CE = 10 V, f = 1 kc) 

Noise Figure 

(I c = 100 M A, V ce = 10 V, R ig = 3 K) 
f = 100 cps 

f = 1 kc 

f = 10 kc 

Noise Bandwidth 10 cps to 15.7 kc 



2N3800, 02, 04, 06, 08, 10 

2N3801, 03, 05, 07, 09, 11 

2N3800, 02, 04, 06, 08, 10 

2N3801, 03, 05, 07, 09, 11 

2N3800, 02, 04, 06, 08, 10 

2N3801, 03, 05, 07 , 09, 11 

2N3800, 02, 04, 06, 08, 10 

2N3801, 03, 05, 07, 09, 11 



v CE(sat) 



100 
225 
150 
300 
75 
150 
150 
300 
150 
300 
125 
250 



150 
300 



MATCHING CHARACTERISTICS 



DC Current Gain Ratio** 

(I = 100 MAdc, V p „ = 5 Vdc) 2N3802, 03, 08, 09 
^ ^ 2N3804, 05, 10, 11 


h FEl /h FE2** 


0.8 
0.9 




1.0 
1.0 




Base Voltage Differential 

(I = 10 mA, to 10 mA, V „ = 5 Vdc) 2N3802, 03, 08, 09 

C ^ 2N3804, 05, 10, 11 
(I r = 100 MAdc, V „ = 5 Vdc) 2N3802, 03, 08, 09 

u 2N3804, 05, 10, 11 


1 V BEl" V BE2l 






8 
5 
5 
3 


mVdc 


Base Voltage Differential Change 

(I = 100 MAdc, V_ p = 5 Vdc, T. = -55 to +25°C) 2N3802, 03, 08, 09 

U 2N3804, 05, 10, 11 
(I r = 100 MAdc, V nv = 5 Vdc, T A = 25 to 125°C) 2N3802, 03, 08, 09 

^ Lt A 2N3804, 05, 10, 11 


4 < V BEr V BE2> 






1.6 
0.8 
2.0 
1.0 


mVdc 



* Pulse Test < 300Msec, duty cycle < 2% V QR - Base-Emitter Reverse Bias 
** The lowest hp E reading is taken as ^^El tor this ratio 
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Multiple and Special Devices 



MC1.1 300 thru MClI 304 (SILICON) 



Field-effect current limiting diodes designed for ap- 
plications requiring a current reference or a constant 
current over a specified voltage range. 

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 

(See Notes 1 thru 6) 



CASE 51 

(DO-7) 



< 5 

Z _ 

ljj 3 
tr 















1 










i p <a>v T 






— I— 
i 


















i 












Vpo, 


— 1 — 


















1 


















r- 

i 





10 20 30 



40 50 
VOLTS 



60 70 80 90 



MAXIMUM RATINGS (Ta = 25'C unless otherwise noted) 

Junction and Storage Temperature: -65°C to +200°C 
Peak Operating Voltage: See Table 

ELECTRICAL CHARACTERISTICS Oa = 25°C unless otherwise noted) 



Type 
Number 


Nominal 
Pinch -Off 
Current 
Note 1 
Ip (ma) 


Tol. 
(ma) 


Test 
Volt. 

Note 2 
V T 

(volts) 


Limiter 
Imped. 
Note 3 
Zrp (min) 
(megohms) 


Knee 
Imped, 
at 6 V 
Note 4 
Z K (min) 
(megohms) 


Limiting 
Voltage 
Note 5 
V T (max) 
(volts) 


Peak 
Operating 
Voltage 
Note 6 

Vpo x 
(volts) 


MCL1300 


0.5 


±0.3 


25 


4.000 


0. 500 


1.0 


75 


MCL1301 


1.0 


±0. 6 


25 


0.800 


0.200 


1. 5 


75 


MCL1302 


2.0 


±0. 6 


25 


0.400 


0.100 


2.0 


75 


MCL1303 


3.0 


±0. 6 


25 


0.300 


0.050 


2.0 


75 


MCL1304 


4.0 


±0. 6 


25 


0.250 


0.025 


2.5 


75 



These specifications are preliminary. Selections may be made to obtain nominal currents 
between those shown, as well as tighter tolerance units. 
SYMBOL DEFINITIONS: 



Note 1 I p - The pinch-off current is the guaranteed current at a specified V r 



Note 2 
Note 3 



Note 4 



Ip is specified as a nominal with a tolerance. 
The test voltage for measurement of I p . 



T" 



Z™- The impedance at the test voltage, specified. To provide the most constant 



current Z T should be as high as possible; thus a minimum Zj> is specified. Zrp 



Note 5 V T 



Note 6 V 



PO 



is derived from the 90 cycle per second current which results when an AC voltage 
having an RMS value equal to 10% of the test voltage (V T ) is superimposed on V,p. 

- Knee impedance is specified as a minimum also since again the highest value is 
desired. V v is established as 6. 0 V for convenience. 

- Limiting Voltage. This specification is provided with Z^ to indicate the sharp 
knee of the device. The specification is analogous to 1^ arid Z_- of a zener diode. 
V L a maximum specification is measured at 80% on Ip tolerance. 

The peak- operating voltage is provided and indicates the maximum voltage to be 
applied to the device. The specification is necessary since the device is either 
power limited or breakdown limited beyond this specified voltage. 
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Multiple and Special Devices 



V CE o = 20V 
I c = 200 mA 



PNP silicon annular dual transistors for high-speed 
switching and amplifier applications. 




PIN CONNECTIONS 
(BOTTOM VIEW) 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


40 


Vdc 


Collector- Emitter Voltage 


v 

CEO 


20 


Vdc 


Emitter-Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current 


*c 


200 


mAdc 


Junction Temperature 


T J 


+200 


°C 


Storage Temperature 


T 

stg 


-65 to +200 


J C 






One Side 


Both Sides 




Total Device Dissipation 

(25°C Case Temperature) 
Derate above 25° C 


P D 


1.6 
9. 1 


3.0 
17.2 


W 

mW/'C 


Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


P D 


0.5 
2.9 


0.6 
3.4 


W 

mW/C 



md984 




CASE 32 
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— Multiple and Special Devices 

MD984 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25 °C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector- Base Breakdown Voltage 
(I c = -10/iAdc, I E = 0) 


BV CBO 


40 


— 


Vdc 


Collector- Emitter Breakdown Voltage* 
(l„ = -10 mAdc, I Q = 0) 


BV CEO* 


20 


— 


Vdc 


Emitter- Base Breakdown Voltage 
(I E = -10/iAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = -20 Vdc, I E = 0) 

(V CB = -20 Vdc, I £ = 0, T A = 150°C) 


J CBO 




. 025 

30 


/iAdc 


Collector-Emitter Saturation Voltage 
(I c = -10 mAdc, l Q = -1 mAdc) 

(I c = -50 mAdc, I Q = -5 mAdc) 


V CE(sat) 




0.3 
0. 5 


Vdc 


Base-Emitter Saturation. Voltage 
(I c = -10 mAdc, I B = -1 mAdc) 


V BE(sat) 




0. 9 


Vdc 


DC Forward Current Transfer Ratio 
(I c = -10 mAdc, V CE = -10 Vdc) 


h FE 


25 






Output Capacitance 

(V„ a = -10 Vdc, L, = 0, f = 100 kc) 


C ob 




4 


Pf 


Small-Signal Forward Current Transfer Ratio 
(L- = -20 mAdc, V^^ = -20 Vdc, f = 100 mc) 


h fe 


2.5 






Current-Gain— Bandwidth Product 
(I c = -20 mAdc, V CE = -20 Vdc) 


f r 


250 




mc 



* Pulse Test: Pulse Width ^300 /isec, Duty Cycle s 2% 
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Multiple and Special Devices 



MD 



986 




V CE o= 15 V 
l c = 200 mA 



NPN-PNP silicon annular Star complementary pair 
dual transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 



CASE 32 CASE 33 

MD986 MD986F 



PNP 



NPN 



NPN 



PNP 



PIN CONNECTIONS 
BOTTOM VIEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


40 


Vdc 


Collector-Emitter Voltage 


V CEO 


15 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 


*C 


200 


mAdc 


Operating Junction Temperature 


T J 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°c 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation @ T A = 25°C 
Flat Package 
Derate above 250C 


Pd 


250 
1.5 


350 
2.0 


mW 
mW/°C 


TO- 5 Package 
Derate above 25°C 




500 
2.9 


600 
3.4 


mW 
mW/°C 



11-16 



Multiple and Special Devices 

MD986 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Test Conditions and Limits are given in magnitudes only. 
Care must be taken to insure the application of proper 
polarities for the NPN or PNP transistor, respectively. 



Characteristics 


Symbol 


Mill 


Max 


Unit 


Collector-Base Breakdown Voltage 
{Iq = 10 /iAdc, I E = 0) 


BV CBO 


40 




Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


BV CEO* 


15 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /iAdc, Ic = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 


*CBO 




.025 


/iAdc 


(V CB = 20 Vdc, I E = 0, T A = 150°C) 






30 




Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V CE(sat) 




0.3 


Vdc 


(I c = 50 mAdc, I fi = 5 mAdc) 






0.5 




Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V BE(sat) 




0.9 


Vdc 


DC Forward Current Transfer Ratio 
(I c = 10 mAdc, V CE = 10 Vdc) 


h FE 


25 






Output Capacitance 
< V CB = 10 Vdc > l E = °» f = 100 kc > 


c ob 




4 


P* 


Current-Gain — Bandwidth Product 
(V CE = 20 Vdc, Iq = 20 mAdc) TO-5 Package 
(V CE = 10 Vdc, Iq = 20 mAdc) Flat Package 


*r 


200 
200 




mc 



*Pulse Test: Pulse Width ^ 300 /i sec, Duty Cycle ^ 2% 
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Multiple and Special Devices 



md1120 

md!121 
md1122 




CASE 32 CASE 33 

MD1120 MD1120F 

thru thru 

MD1122 MD1122F 



V C eo = 30V 
l c = 500 mA 



NPN silicon annular Star dual transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 



+ - 

2oM 



o 



.06 



PIN CONNECTIONS 
BOTTOM VIEW 




MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v CBO 


60 


Vdc 


Collector- Emitter Voltage 


V CEO 


30 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


D.C. Collector Current 


l C 


500 


mAdc 


Junction Temperature 


T J 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to + 200 


°C 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


P D 


ONE SIDE 


BOTH SIDES 


W 

mW/°C 


1.6 
9.1 


3.0 
17.2 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


PD 


0.5 
2.9 


0.6 
3.4 


W 

mW/°C 
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Multiple and Special Devices 



MD1 120-MD1 122 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(Iq =10/i Adc) 


BV CBO 


60 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = lOmAdc) 


BV CEO* 


30 


1 = 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 uAdc) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V C B = 50 Vdc) . 
(V CB = 50 Vdc, T A = 150°C) 


! CBO 




010 
10 


pi Adc 


Emitter Cutoff Current 
(V EB = 3 Vdc) 


: EBO 


— 


10 


nAdc 


Collector- Emitter Saturation Voltage 
(1q = 10 mAdc, I B = ImAdc) 


V CE (sat) 




0.1 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = ImAdc) 


V BE (sat) 


— 


0.85 


Vdc 


(l c = 10 fiAdc, V CE = 10 Vdc) MD1121, MD1122t 
(I C = 100 n Adc, V CE = 10 Vdc) All Types 
(IC = 1 mAdc, V CE = 10 Vdc) All Types 
(Iq = 10 mAdc, VcE ~ *0 Vdc) All Types 


h FE 


20 
30 
40 
50 


100 
120 
160 
200 




DC Current Gain Ratio ** 

^1^, 1UU fXAUC, "CE ^ VQCJ XVLUll^U 1 

MD1121, MD1122t 
(Id = ImAdc, V CE =10 Vdc) MD1122t 


h FEl /h FE2** 


0.9 
0.9 


1.0 
1.0 


— 


Base Voltage Differential 
(Ic = 100 fx Adc, V C£ = 10 Vdc) MD1120, MD112lt 
MD1122t 

(Ic = ImAdc, Vc E = 10 Vdc) MD1122t 


1 V BE1" V BE2 1 


— 


10 

5 
5 


mVdc 


Base Voltage Differential Change 
(IC = 100 fiAdc, V CE = 10 Vdc, 

T A = -55°C to + 125°C) MD1121, MD1122t 


A ( V BE1- V BE 2 ) 




10 


mv/°c 


Collector Output Capacitance 
(V C b = 10 Vdc, f = 100 kc) 






8 


Pf 


Small-Signal Forward Current Transfer Ratio 
(Ic = 20 mAdc, V CE = 20 Vdc, f= 100 mc) TO-5 Package 
(I c = 20 mAdc, V CE = 10 Vdc, f= 100 mc) Flat Package 


bfe 


2.5 
2.0 






Current-Gain-Bandwidth Product 
(V CE = 20 Vdc, Ic = 20 mAdc) TO-5 Package 
(V CE = 10 Vdc, Ic = 20 mAdc) Flat Package 




250 
200 




mc 



* Pulse Test: Pulse Width 300 /isec. Duty Cycle=2 2% 
** The lowest hp E reading is taken as hpgj for this ratio 
t Applies to corresponding Flat Package cevice type also 
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•Multiple and Special Devices- 



MDl 126 Vceo=!5V 
MDB §i£CP l c = 200mA 

md!!2J 



CASE 32 




NPN silicon annular dual transistors for high-speed 
switching applications. 




PIN CONNECTIONS 
(BOTTOM VIEW) 



MAXIMUM RATINGS (each side) 





Cvmhnl 
***"■""■ 


D«sf!r»fr 

"""US 


Unit 


Collector-Base Voltage 


v CBO 


40 


Vdc 


Collector- Emitter Voltage 


V CEO 


15 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 


l C 


200 


mAdc 


Operating Junction Temperature 


T J 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


P D 


ONE SIDE 


BOTH SIDES 


w 

mW/°C 


0.75 
4.3 


1.5 
8.6 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


P D 


0.30 
1.7 


0.40 
2.3 


W 

mW/°C 
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Multiple and Special Devices 



MD1126, MD1127 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(At 25° ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 1.0 /LiAdc, I E = 0) 


BV CBO 


40 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 30 mAdc, I B = 0) 


BV * 
V CEO 


15 


--- 


Vdc 


F 1 m i tt pr- Ra cp Rrpilfdnum Vnlt?icrp 

IjllUUCl CttOC 1J1 C <Xl\. >U VJ W 1 1 V vj JL Let g C 

(I E = 10 /lAdc, I c = 0) 


BV EBO 


5 


--- 


vac 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 
(V CB = 20 Vdc, I E = 0, T A = 150°C) 


X CBO 




.025 
15 


fj. Adc 


Collector- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) MD1126 

MD1127 


V CE (sat) 


— 


0.40 
0.25 


Vdc 


Base- Emitter Saturation Voltage 
(Iq = 10 mAdc, I B = 1 mAdc) 


V BE (sat) 


0.7 


0.85 


Vdc 


DC Forward Current Transfer Ratio* 
(I c = 10 mAdc, V CE = 1 Vdc) 


h FE* 


30 




--- 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


C ob 




6.0 




Small-Signal Forward Current Transfer Ratio 
(I c = 20 mAdc, V CE = 10 Vdc, f = 100 mc) 


h fe 


3.0 






Charge-Storage Time Constant 
(I c = I B i = IB2 =10 mAdc) MD1126 
(i c = i B1 = Ib 2 = 20 mAdc) MD1127 


T S 




40 
25 


nsec 



♦Pulse Test: Pulse Width 5 300 /isec, Duty Cycle % 2% 



CHARGE STORAGE TIME CONSTANT TEST CIRCUIT CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

MD1126 MD1127 

+ 10 Vdc + 5V 




+ 11V +7V 



11-21 



-Multiple and Special Devices- 



md1128 




CASE 32 



V CEO =15V 
l c = 200 mA 

NPN silicon annular dual transistors for high-speed 
switching applications. 




PIN CONNECTIONS 
BOTTOM VIEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


V CBO 


40 


Vdc 


Collector- Emitter Voltage 


v CEO 


15 


Vdc 


Emitter-Base Voltage 


V EBO 


5 


Vdc 


Collector Current 




200 


mAdc 


Operating Junction Temperature 




+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


P D 


0.75 
4.3 


1.5 
8.6 


w 

mW/°C 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


P D 


0.30 
1.7 


0.40 
2.3 


W 

mW/°C 



CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 




+ nv 



TURN-ON AND TURN-OFF TIME TEST CIRCUIT 

+ 3 Vdc i 
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Multiple and Special Devices 

MD1128 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 10 M Adc, I E = 0) 


BV™~ 
CBO 


40 




Vdc 


* 

Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


BV CEO* 


15 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /^Adc, 1q = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(Vnx? = 20 Vdc, Vd F = 0) 


*CES 




10 


\i Adc 


Collector Cutoff Current 

(Vcb = 20 vdc > l E = °) 

(Vcb = 20 Vdc, l£ = 0, T A = +150°C) 


*CBO 


— 


.025 
30 


MAdc 


Collector- Emitter Saturation Voltage 
(IC = 10 mAdc, I B = 1 mAdc) 
(JC = 50 mAdc, I B = 5 mAdc) 


CE (sat) 


--- 


0.3 
0.4 


Vdc 


Base-Emitter Saturation Voltage 
(I c =10 mAdc, I B = 1 mAdc) 


V BE(sat) 


--- 


0.9 


Vdc 


DC Forward Current Transfer Ratio 
(I c = 10 mAdc, V CE = 1 Vdc) 


h FE 


25 


— 


— 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


c ob 


--- 


4 


pf 


Small-Signal Forward Current Transfer Ratio 
(I c = 10 mAdc, VCE = 20 Vdc, f = 100 mc) 


fcfe 


3.5 






Current-Gain-Bandwidth Product 
(V CE = 20 Vdc, Ic = 10 mAdc) 


f T 


350 




mc 


Charge-Storage Time Constant 
(I C = IB1 = IB2 = 10 mAdc ) 


T S 




30 


nsec 


Turn-On Time 
(I c = 10 mAdc, I B1 = 3 mAdc, I B 2 = 1 mAdc) 


ton 




20 


nsec 


Turn- Off Time 
(I c = 10 mAdc, Igi =3 mAdc, I B 2 = 1 mAdc) 


^ff 




35 


nsec 



♦Pulse Test: Pulse Width ^ 300 /xsec, Duty Cycle s 2% 
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■Multiple and Special Devices- 



MD1129 V ceo = 30V 

mUB BAT l c = 200mA 




CASE 33 

MD1129F 



NPN silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 



MD1129 




MD1129F 



PIN CONNECTIONS 
BOTTOM VIEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


v 

V CB0 


60 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


30 


Vdc 


Emitter-Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current 
(Limited by P D ) 


*c 


200 


mAdc 


Operating Junction Temperature 


T J 


+200 


°C 


Storage Temperature 


stg 


-65 to +200 


°C 


Flat Package 

Total Device Dissipation 

(25° C Ambient Temperature) 
Derate above 25° C 


P D 


One Side 


Both Sides 


mW 

mW/°C 


250 
1. 5 


350 
2 


TO- 5 Package 

Total Device Dissipation 

(25° C Ambient Temperature) 
Derate above 25°C 


P D 


500 
2. 9 


600 
3.4 


mW 

mW/°C 
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MD1129 (continued) 



Multiple and Special Devices 



ELECTRICAL CHARACTERISTICS (each side) 
(At 25° ambient temperature unless otherwise noted) 



Hharartprktir 

Ullul uU LCI Idll v 


Qvmhnl 

OJI1IUUI 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 


BV CBO 


60 




Vdc 


Collector -Emitter Breakdown Voltage* 
(I c = 10 mAdc) 


BV CEO* 


30 




Vdc 


Emitter -Base Breakdown Voltage 
(I E = 10 /zAdc) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 

(V CB = 50 Vdc, T A = ,150°C) 


r CBO 


- 


010 
10 


MAdc 


Emitter Cutoff Current 
(V EB = 3 Vdc) 


'ebo 




10 


nAdc 


Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 1 mAdc) 


V CE(sat) 


- 


0.1 


Vdc 


Base -Emitter Saturation Voltage 
(I c - 10 mAdc, I fi = 1 mAdc) 


V y-\ / i\ 

BE(sat) 




0.85 


Vdc 


DC Forward Current Transfer Ratio 
(I^ = 10 MAdc, V^g = 10 Vdc) 

(I e = 100 MAdc, V CE = 10 Vdc) 
(I c = 1 mAdc, V CE = 10 Vdc) 
(I c = 10 mAdc, V CE = 10 Vdc) 


h FE 


60 
100 

100 

100 


300 
- 




DC Current Gain Ratio** 

(I c = 100 MAdc, V CE = 10 Vdc) 

U c = 1 mAdc, V CE = 10 Vdc) 


h /h ** 
FE1 FE2 


0.9 
0.9 


1.0 
1.0 




Base Voltage Differential 

(I c = 100 MAdc, V CE = 10 Vdc) 

(I c = 1 mAdc, V CE = 10 Vdc) 


l V BEl" V BE2l 




5 
5 


mVdc 


Base Voltage Differential Change 

(I c - 100 MAdc, V CE = 10 Vdc, T A = -55°C to +125°C) 






10 


mV/°c 


Collector Output Capacitance 
(V CB = 10 Vdc, f = 100 kc) 


C ob 




8 


pf 


Current-Gain -Bandwidth Product 
(V CE = 10 Vdc, I c = 20 mAdc) 


f r 


200 




mc 



*Pulse Test: Pulse Width ^ 300 jusec, Duty Cycle.. ^ 2% 
**The lowest h„ F reading is. taken as h_ F for this ratio 
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Multiple and Special Devices 



md1130 




CASE 32 CASE 33 

MD1130 MD1130F 



V CE o = 40V 
l c = 200 mA 

PNP silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 



MD1130 



MD1130F 



PIN CONNECTIONS 
BOTTOM VIEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CB0 


60 


Vdc 


Collector- Emitter Voltage 


v 

v CE0 


40 


Vdc 


Emitter-Base Voltage 


V EB0 


5 


Vdc 


Collector Current 
(Limited by P D ) 


J c 


200 


mAdc 


Operating Junction Temperature 


T J 


+200 


°c 


Storage Temperature 


T . 
stg 


-65 to +200 


°C 






One Side 


Both Sides 




Flat Package 

Total Device Dissipation 

(25° C Ambient Temperature) 
Derate above 25° C 


P D 


250 
1. 5 


350 
2 


mW 

mW/°C 


TO- 5 Package 

Total Device Dissipation 

(25° C Ambient Temperature) 
Derate above 25° C 


P D 


500 
2.9 


600 
3. 4 


mW 

mW/°C 
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Multiple and Special Devices 

MD1130 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = -10 /iAdc) 


BV CBO 


60 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = -10 mAdc) 


BV CEO* 


40 




Vdc 


Emitter- Base Breakdown Voltage 
(I E = -10 jLtAdc) 


BV EBO 


5 


- 


Vdc 


Collector Cutoff Current 
(V CB = -50 Vdc) 

(V CB = -50 Vdc, T A = 150 J C) 


X CBO 


- 


010 
10 


/iAdc 


Emitter Cutoff Current 
(V EB = -3 Vdc) 


! EBO 


- 


10 


nAdc 


Collector-Emitter Saturation Voltage 
(I_ = -10 mAdc, 1= -1 mAdc) 

C D 


V CE(sat) 




0. 25 


Vdc 


Base- Emitter Saturation Voltage 
(I c = -10 mAdc, I = -1 mAdc) 


V BE(sat) 




0. 9 


Vdc 


DC Forward Current Transfer Ratio 
(I c = -10 fzAdc, V C£ = -10 Vdc) 

(I c = -100 fiAdc, V CE = -10 Vdc) 

(I c = -1 mAdc, V CE = -10 Vdc) 

(I c = -10 mAdc, V CE = -10 Vdc) 


h FE 


60 
100 
100 
100 


300 




DC Current Gain Ratio** 

(I c = -100 iiAdc, V CE = -10 Vdc) 

a c = -1 mAdc, V CE = -10 Vdc) 


h FEl/ h FE2** 


0. 9 
0. 9 


1. 0 
1. o 




Base Voltage Differential 

(I c = -100 jiAdc, V CE = -10 Vdc) 

(I c = -1 mAdc, V CE - -10 Vdc) 


l V BEl" V BE2l 




5 
5 


mVdc 


Base Voltage Differential Change 

(I c = -100 /iAdc, V CE = -10 Vdc, = -55°C to +125°C) 


4 * V BE1~ V BE2* 




10 


MV/°C 


Collector Output Capacitance 
(V CB = -10 Vdc, F = 100 kc) 


C ob 




4 


pf 


Current-Gain - Bandwidth Product 
(V„„ = -10 Vdc, I„ - -20 mAdc) 




200 




mc 



* Pulse Test: Pulse Width ^300 jLtsec, Duty Cycle* 2% 
** The lowest h _ reading is taken as h . for this ratio 
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Multiple and Special Devices 



MD ! 




V CEO = 15 V 
S c = 50 mA 



NPN silicon annular dual transistors for high- 
frequency oscillator and amplifier applications . 



+C° 6 



PIN CONNECTIONS 
BOTTOM ViEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


30 


Vdc 


Collector-Emitter Voltage 


v 

v CE0 


15 


Vdc 


Emitter-Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current 


l c 


50 


mAdc 


Operating Junction Temperature 


T J 


+200 


°C 


Storage Temperature 


stg 


-65 to +200 


°C 






One Side 


Both Sides 




Total Device Dissipation 
@ T A - 25°C 


P D 








TO- 5 Package 

Derate above 25°C 




300 
1.7 


400 
2. 3 


mW 

mW/°C 


Flat Package 
Derate above 25°C 




250 
1. 5 


350 
2. 0 


mW 

mW/°C 
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Multiple and Special Devices 

MD1131 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector-Base Breakdown Voltage 
(I c = 1 /iAdc, I E = 0) 


BV CBO 


30 




Vdc 


Collector- Emitter Breakdown Voltage 
(I c - 3 mAdc, I B - 0) 


BV CEO 


15 


_ 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 ^Adc, I c = 0) 


BV EBO 


5 


- 


Vdc 


Collector Cutoff Current 
(V CB = 15 Vdc, I E = 0) 

(V CB = 15 Vdc, I E = 0, T A = +150°C) 


'CBO 




. 010 
1. 0 


/i Adc 


Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V CE(sat) 




0. 4 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 10 mAdc, I = 1 mAdc) 


V BE(sat) 




1. 0 


Vdc 


DC Forward Current Transfer Ratio 
(I c = 1 mAdc, V CE - 5 Vdc) 


h FE 


50 






Output Capacitance 

(V CB = 10 Vdc, f = 140 kc) 

(V CB = 0 Vdc, f = 140 kc) 


C 0b 




1. 7 
3. 0 


pf 


Input Capacitance 

(V„ 0 = 0. 5 Vdc, f = 140 kc) 


C ib 




2. 0 


pf 


Small-Signal Forward Current Transfer Ratio 
(I c = 4 mAdc, V CE = 10 Vdc, f = 100 mc) 


h fe 


6. 0 
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Multiple and Special Devices 



MD 



1132 



Vceo=15V 
l c = 50 mA 




CASE 32 CASE 33 

MD1132 MD1132F 



NPN silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 




PIN CONNECTIONS 
ouiTuM VIEW 



MAXIMUM RATINGS (each side) 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Base Voltage 


V CBO 


30 


Vdc 


Collector-Emitter Voltage 


v CEO 


15 


Vdc 


Emitter-Base Voltage 


v EBO 


5 


Vdc 


Collector Current 


*C 


50 


mAdc 


Junction Temperature 


Tj 


+ 200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation 
@ T A = 25°C 

TO-5: MD1132 

Derating Factor Above 25°C 


P D 


300 
1.7 


400 
2.3 


mW 

mW/°C 


Flat Package: MD1132F 
Derating Factor Above 25°C 




250 
1.5 


350 
2.0 


mW 
mW/°C 
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Multiple and Special Devices 

MD1132 (continued) 



ELECTRICAL CHARACTERISTICS (each side) 



(At 25° ambient temperature unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Collector-Base Breakdown Voltage 
(I c = 1 fiAdc) 


BV CBO 


30 


— 


Vdc 


Collector- Emitter Breakdown Voltage 
(I c = 3mAdc) 


BV CEO 


15 


— 


Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /iAdc) 


bv ebo 


5 





Vdc 


Collector Cutoff Current 
(V CB = 15 Vdc) 
(V CB = 15 Vdc, T A = 150°C) 


*CBO 


— 


.010 
1.0 


/iAdc 


Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


v CE(sat) 


— 


0.4 


Vdc 


Base- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1 mAdc) 


V BE(sat) 


— 


1.0 


Vdc 


DC Forward Current Transfer Ratio 
(I c = 1 mAdc, V CE = 5 Vdc) 


h FE 


50 


— 




ul, current iiain itatio* 
(I c = 1 mAdc, V CE = 5 Vdc) 


n FE1 /h FE 2* 


0.9 


1.0 




Base Voltage Differential 
(I c = 1 mAdc, V CE = 5 Vdc) 


| v BEr v BE2| 




5 


mVdc 


Base Voltage Differential Change 
(I C = 1 mAdc, Vce = 5 Vdc, T A = -55 to + 25°C) 
(I C = 1 mAdc, V CE = 5 Vdc, T A = +25 to+125°C) 


A ( V BEr V BE2> 




0.8 
1.0 


mVdc 


Collector Output Capacitance 
(V CB = 10 Vdc, f = 140 kc) 
(V CB = 0 Vdc, f = 140 kc) 


C ob 




1.7 
3.0 


pf 


Input Capacitance 
(V EB = 0.5 Vdc, f = 140 kc) 


C ib 




2.0 




Small Signal Forward Current Transfer Ratio 
( Iq = 4 mAdc,V CE = 10 Vdc, f = 100 mc) 




6.0 







*The lowest h „ reading is taken as h FF1 for this ratio 
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md1134 



Multiple and Special Devices 



V CE o= 15 V 

I c = 500 mA (peak) 




NPN silicon annular dual transistor for high-speed 
switching applications. 



CASE 32 



MAXIMUM RATINGS (each side) 



UliaidblCI 13111/ 


Symbui 


Rating 


Unit 


Collector to Base Voltage 


v 

CBO 


40 


Vdc 


Collector to Emitter Voltage 


v 

CEO 


15 


Vdc 


Emitter to Base Voltage 


v 

EBO 


5 


Vdc 


Collector Current (10/isec pulse) 
(limited by P ) 


J C(peak) 


500 


mAdc 


Operating Junction Temperature 


T. 
J 


+200 


°C 


Storage Temperature 


T st K 


-65 to +200 


°C 


Total Device Dissipation 
25°C Ambient Temperature 
One Side 
Both Sides 


P D 


500 
600 


mW 
mW 


Derate 2. 9 mW/°C above 25°C (one side) 
Derate 3.4 mW/°C above 25 °C (both sides) 
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Multiple and Special Devices 

MD1134 (continued) 



ELECTRICAL CHARACTERISTICS (At 25° ambient temperature unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Maximum 


Unit 


Collector Base Breakdown Voltage 
1 C = 10 M A, I E = 0 


BV CBO 


40 




Vdc 


Collector-Emitter Breakdown Voltage 
I c = 10mA, I fi = 0 


BV CEO* 


15 




Vdc 


Emitter- Base Breakdown Voltage 
I E - 10„A, I c = 0 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
V CB ' 20V > ' E " ° 


'CBO 




0. 4 


/iAdc 


Collector Cutoff Current 

V CB = 20V > r E = °> T A = 150 ° C 


! CBO 




30 


jiiAdc 


Forward Current Transfer Ratio 

I c = 10mA, V CE = IV 

I 0 = 10mA, V_„ = IV, T. = -55°C 
C CE ' A 

I c = 100mA, V CE = 2V 


h FE 


50 
20 
20 


- 


- 


Collector Saturation Voltage 
I„ = 10mA, I D = 1mA 


V CE(sat) 




0. 25 


Vdc 


Base Saturation Voltage 
I c = 10mA, I B = 1mA 


V BE(sat) 


0. 70 


0. 85 


Vdc 


Output Capacitance 

V CB = 5V ' l E = °' f = 140kc 


C ob 




4 


pf 


Input Capacitance 

V EB = 1V ' l C = °' f = 140kc 


C ib 




4 


pf 


Forward Current Transfer Ratio 
I c = 10mA, V CE = 10V, f = lOOmc 


h fe 


5. 0 







* Pulse Condition: 
P.W. < 300/isec, D. C. < 2% 
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•Multiple and Special Devices- 



md2218,A 
md2219,A 




V CB = 60-75 V 
l c = 600 mA 
P D = 500 mW one side 
600 mW both sides 




Dual NPN silicon annular transistors, designed for 
high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry with the 
MD2904 series. 



CASE 32 



\ 

4- O 6 



PIN CONNECTIONS 
BOTTOM VIEW 



MAXIMUM RATINGS (each side) (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


MD2218 
MD2219 


MD2218A 
MD2219A 


Collector-Base Voltage 


v 

CB 


60 


75 


Vdc 


Collector -Emitter Voltage 


v 

v CEO 


30 


40 


Vdc 


Emitter -Base Voltage 


v 

EB 


5 


6 


Vdc 


Collector Current 




600 


mAdc 


Junction Operating Temperature 




200 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation @ T^ = 25°C 
Derate above 25 °C 


P D 


500 
2.9 


600 
3.4 


mW 
mW/°C 


Total Device Dissipation @ T c = 25 °C 
Derate above 25° C 


P D 


1.2 

6.9 


2.0 
11.43 


W 

mW/°C 
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Multiple and Special Devices 

MD2218, A and MD2219, A (continued) 



ELECTRICAL CHARACTERISTICS (each side) (Ta = 25 °C unless otherwise noted) 



| Characteristic 1 Symbol | Min | Max 1 Unit I 

OFF CHARACTERISTICS 



Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


MD2218, MD2219 
MD2218A, MD2219A 


BV CBO 


60 
75 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) 


MD2218, MD2219 
MD2218A, MD2219A 


BV CEO* 


30 
40 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /xAdc, I c = 0) 


MD2218, MD2219 
MD2218A, MD2219A 


BV EBO 


5 
6 




Vdc 


Collector Cutoff Current 

(V CE =50Vdc, V EB(of£) ,= 3 Vdc) 


MD2218, MD2219 
MD2218A, MD2219A 


! CEX 




0.020 
0.015 


/iAdc 


(V CE . 50 Vdc, V EB(o(f) . 3 Vdc, T A , 150°C) 


All Types 






25 




Base Cutoff Current 

(V CE = 50Vdc, V EB(off) =3Vdc) 




>BL 




0.030 


MAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I = 0. 1 mAdc, V CE = 10 Vdc) 


MD2218, MD2218A 
MD2219, MD2219A 


h FE* 


20 
35 






(I c = 1 mAdc, V CE = 10 Vdc) 


MD2218, MD2218A 
MD2219, MD2219A 




25 
50 






(I c = 10 mAdc, V CE = 10 Vdc) 


MD2218, MD2218A 
MD2219, MD2219A 




35 
75 






(U = 150 mAdc, V^ = 10 Vdc) 


MD2218, MD2218A 
MD2219, MD2219A 




40 
100 


120 
300 




(I c = 150 mAdc, V CE = 1 Vdc) 


MD2218, MD2218A 
MD2219, MD2219A 




20 
50 






(I c = 300 mAdc, V CE = 10 Vdc) 


MD2218 
MD2218A 
MD2219 
MD2219A 




20 
25 
30 
40 






Collector Saturation Voltage* 
(I c = 150 mAdc, I B = 15 mAdc) 


MD2218, MD2219 
MD2218A, MI>2219A 


V * 

CE(sat) 




0.4 
0.3 


Vdc 


(I c = 300 mAdc, lg = 30 mAdc) 


MD2218, MD2219 
MD2218A, MD2219A 






1.2 
0.9 




Base- Emitter Saturation Voltage* 
(I c = 150 mAdc, I = 15 mAdc) 


MD2218, MD2219 
MD2218A, MD2219A 


v * 
BE(sat) 


0.6 
0.6 


1.3 
1.2 


Vdc 


(I c = 300 mAdc, I 0 = 30 mAdc) 


MD2218, MD2219 
MD2218A, MD2219A 






2.0 
1.8 
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-Multiple and Special Devices - 



MD22I8, A and MD2219, A (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 



Symbol 1 Mini Maxl Unit i 



TRANSIENT CHARACTERISTICS 



Current-Gain — Bandwidth Product 

(I c = 20 mAdc, V CE = 20 Vdc, f = 100 mc) 


MD2218 

MD2218A, MD2219 
MD2219A 


f T 


200 
250 
300 





mc 


Output Capacitance 

(V CB = 10 Vdc, I = 0, f = 100 kc) 




C ob 




8 


pf 


Input Capacitance 

(V EB = 0. 5 Vdc, I c = 0, f = 100 kc) 


MD2218, MD2219 
MD2218A, MD2219A 


C ib 




30 
25 


pf 


Delay Time 


V CC = 30V > V BE(off) = °- 5V 
I c = 150 mA, I B1 =15 mA 


MD2218, MD2219 
MD2218A, MD2219A 


t d 




20 
15 


nsec 


Rise Time 


MD2218, MD2219 
MD2218A, MD2219A 


r 




40 
30 


nsec 


Storage Time 


V cc - 30 V, I c - 150 mA 
hil* I B2 = 15mA 


MD2218, MD2219 
MD2218A, MD2219A 


s 




280 
250 


nsec 


Fall Time 


1MJ32218, i>ID221B 
MD2218A, MD2219A 


t t 




70 
60 


nsec 



♦Pulse Test: PW < 300 jxsec, Duty Cycle < 2% 

NORMALIZED CURRENT GAIN CHARACTERISTICS 







































NORMALIZED TO 150 mA, 10 VOLTS AT 25 


°c 
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— V 


= 10V < 
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N 
























































































— \ 


CE = 


= 1V 










^Vce = 


= 2V" 


























- L = 


= 175°C — 1 
















— v 




i 




























— L = 












































































s 





10 20 30 50 

l c , COLLECTOR CURRENT (mA) 

NORMALIZED CURRENT GAIN CHARACTERISTICS 

























1 












f 


FORMAL 


ZED TO 150 mA, 


10 VOLT 


>AT25 


°C 
























Tj = 175°C 

- 1 


















































Tj = 100°C 


















































Tj = 2. 


°C 














































































































































































































Tj = -5£ 


°C 





































































































































10 20 30 

Ic, COLLECTOR CURRENT (mA) 
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•Multiple and Special Devices - 



AAD221S, A and MD2219, A (continued) 







\ 






















N 












100 /tsec 




















































































































- lm 


























sec - 






















































- u 


D221 
D221 


8, 


















9 










DC 









































































































SAFE OPERATING AREA 

2.0 r— 



MD2218A, 
MD2219A 



10 15 20 25 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



IK 



10 /isec^ 



' — 100 /xsec 



5: 



5 10 15 20 25 30 35 40 
V CE> COLLECTOR-EMITTER VOLTAGE (VOLTS) 



TURN-OFF BEHAVIOR 





















II II 






















MD2218, MD2218A 


























Tj = 25°C 




















ts- 










t 

Ic/Ibi 


= 1( 




















































































































-Ic/Ib. 






























= 20-= 










lc/ 




= 10 






tf 









































































































































20 30 50 70 100 

l c , COLLECTOR CURRENT (mA) 




20 30 50 70 100 

lc, COLLECTOR CURRENT (mA) 



DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 



GENERATOR 
RISE TIME ^ 2 nsec 
PW ^ 200 nsec 



DUTY CYCLE « 2% 
+9.9V 



STORAGE TIME AND FALL TIME EQUIVALENT TEST CIRCUIT 

+30V 



- — 10 to 100 /j.sec 
- < 5 nsec 




R c * > 200S2 



OSCILLOSCOPE: 
t r ^ 5 nsec 



iooo a 
o— vw — 



-13.8V A 1N916 




— *C S is total shunt capacitance of oscilloscope and test fixture. 
R c includes oscilloscope resistance. 



✓ys C s *^12pf 
I 

. I 
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Multiple and Special Devices 

MD2218, A and MD22 19, A (continued) 



COLLECTOR CHARACTERISTICS IN SATURATION REGION 



2 3 
OVERDRIVE FACTOR (/Sq/^f) 





































Tj = 


25°C 








N 


















































lc 


= 300 


mA 




































lc 


=-- 150 


mA 




































lc 


- 50 n 


iA 























This graph shows the effect of base current on collector current. fi 0 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and fi, (forced gain) is the ratio of l c /li» in a circuit. 

EXAMPLE: For type MD2219, estimate a base current (l„) to insure 
saturation at a temperature of 25°C and a collector current of 
150 mA. 

Observe that at l c = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h fl @ 1 volt is approximately 0.62 of h, ( @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, p 0 — 62 and substituting values in the overdrive equation, 
we find: 



A, h„ @ 1 V 

fit lc/1* 



62 
" 150/L 
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Multiple and Special Devices 

MD2218, A and MD22 19, A (continued) 




AUDIO SMALL SIGNAL CHARACTERISTICS 
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Multiple and Special Devices 

MD22 18, A and MD22 1 9, A (continued) 
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Multiple and Special Devices 



MD2905 Pd = 500 m W one side 

nnni * 600 m W both sides 

MDZVU4A 



md2905A 



Dual PNP silicon annular transistors, designed for 
high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry with the 
MD2218 series. 




MAXIMUM RATINGS (each side) (at 25°C ambient temperature unless otherwise noted) 



CHARACTERISTICS 


SYMBOL 


RATING 


UNIT 


Collector-Base Voltage 


V CBO 


60 


Vdc 


Collector- Emitter Voltage 
MD2904-2N2905 
MD2904A-2N2905A 


V CEO 


40 
60 


Vdc 


Emitter-Base Voltage • 


v EBO 


5 


Vdc 


Collector Current 


l C 


600 


mAdc 


Junction Operating Temperature 


Tj 


+ 200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


p D 


500 
2.9 


600 
3.4 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


1.2 
6.9 


2.0 
11.43 


W 

mW/°C 
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Multiple and Special Devices 

MD2904, MD2905, MD2904A, MD2905A (continued) 



ELECTRICAL CHARACTERISTICS (each side) 
(at 25 °C ambient temperature unless otherwise noted) 



CHARACTERISTICS 


SYMBOL 


MIN 


MAX 


UNIT 



OFF CHARACTERISTICS 



Collector-Base Breakdown Voltage 
(I c = 10 jiAdc, I E = 0) 


BV CBO 


60 




Vdc 


Collector- Emitter Breakdown Voltage* 
(I c = 10 mAdc, I B = 0) MD2904, MD2905 

MD2904A, MD2905A 


BV CEO* 


40 
60 




Vdc 


Emitter-Base Breakdown Voltage 
(I B = 10 /iAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V C£ = 50Vdc,V BE(off) = 3 Vdc) 
(V C£ = 50 Vdc, V BE(off) - 3 Vdc, T A = 150°C) 


! CEX 




.020 
30 


MAdc 


Base Cutoff Current 
(V C E= 50V,V BE(off) = 3 V) 


'bL 




.030 


MAdc 



ON CHARACTERISTICS 



DC Forward Current Transfer Ratio* 
(I r = 0.1 mAdc, V CE = 10 Vdc) MD2904 
u MD2905 

MD2904A 
MD2905A 


n FE* 


20 
35 
25 
50 






(l n = 1.0 mAdc, V rP = 10 Vdc) MD2904 
u MD2905 

MD2904A 
MD2905A 




25 
50 
40 
100 


1 1 1 1 




(l n = 10 mAdc, V ri7 = 10 Vdc) MD2904 
u ^ MD2905 

MD2904A 
MD2905A 




35 
75 
40 
100 


1 1 1 1 




(I r = 150 mAdc, V r( ,, = 10 Vdc) MD2904, MD2904A, 
^ ^ MD2905, MD2905A 




40 
100 


120 
300 




(I r = 150 mAdc, V CF = 1 Vdc) MD2904, MD2904A, 

MD2905, MD2905A 




20 
40 






(I„ = 300 mAdc, V r ., = 10 Vdc) MD2904 
u ^ MD2905 

MD2904A 
MD2905A 




20 
30 
40 
50 






Collector Saturation Voltage* 
(I c = 150 mAdc, I B = 15 mAdc) 


V CE(sat)* 




0.4 


Vdc 


(I c = 300 mAdc, I B = 30 mAdc) 






1.0 




Base- Emitter Saturation Voltage* 
(I c = 150 mAdc, Ig = 15 mAdc) 


V BE(sat)* 




1.3 


Vdc 


(I c = 300 mAdc, I R = 30 mAdc) 






2.0 




TRANSIENT CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kc) 


c ob 




8 


Pf 


Input Capacitance 
(V B£ = 2 Vdc, I c = 0, f = 100 kc) 


c ib 




30 


pf 


Current-Gain-Bandwidth Product 
(I c = 50 mAdc, V C£ = 20 Vdc, f = 100 mc) 


f T 


200 




mc 


Delay Time 


V CC = 30 V ' V BE(off) = 0 5 V « 
I c = 150 mA, I = 15 mA 


td 




10 


nsec 


Rise Time 


tr 




40 


nsec 


Storage Time 


V CC = 30 V ' J c = 150 mA ' 






180 


nsec 


Fall Time 


! B1 = r B2 =15mA 






50 


nsec 



*Pulse Test: Pulse Width ^ 300 Msec, duty cycle s 2% 



n-42 



Multiple and Special Devices 

MD2904, MD2905, MD2904A, MD2905A (continued) 



FIGURE 1 - NORMALIZED DC CURRENT GAIN 







— v CE = 

V CE 


= 10V 
= 1V 


























r« 


3RM 


M\l 


ED 


TO 150 mA, 


0 VOLTS 


AT25°C 


























Tj 


= 175°C 
















































I 


j = 2 


5°C 






















































V 














































v 








































Tj 




-55<>C— 


71 


S 



















































1.6 




1.4 




1.2 






1 


1.0 








0.8 


§ 










60 




0.4 




0.2 




0 



FIGURE 2 



5 7 10 20 30 50 70 

l c , COLLECTOR CURRENT (mAdc) 

■ NORMALIZED COLLECTOR SATURATION REGION 




This graph shows the effect of base current on col- 
lector current. £o (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt, and /3 F (forced 
gain) is . the ratio of ! c /Uf in a circuit. 

EXAMPLE: For type MD2905, estimate a base cur- 
rent (l tf ) to insure saturation at a temperature of 25°C 
and a collector current of 150 mA. 

Observe that at l c =150 mA an overdrive factor of 
at least 3 is required to drive the transistor well into 
the saturation region. From Figure 1, it is seen that 
hn @ 1 volt is approximately 0.60 of h fE @ 10 volts. 
Using the guaranteed minimum of 100 @ 150 mA and 
10 V, j3o = 60 and substituting values in the overdrive 
equation, we find: 



! 1 V 



60 
: 150/l tF 



I.f ~ 7.5 mA 



(/?o//?f) OVERDRIVE FACTOR 

FIGURE 3 - "ON" VOLTAGES 



FIGURE 4 - TEMPERATURE COEFFICIENTS 

















































V.c,„ 


1 
























@i c /i B =io 


























®v CE 


= 1V _ 








































































v CE 


























ff IC/'B- I" 

1 



1.5 
1.0 

P 0.5 

| ° 
jg -0.5 

-1.0 

-1.5 

-2.0 





























































0VC 


for V 


CEM 


25° 


:to i 


75°C 




















-55 


°CT0 


25°C 






































0VB 


for V 




25° 


:toi 


75°C 




















-5 


|-H 

°CT0 


25°C 




J 

























30 50 70 100 

l c . COLLECTOR CURRENT (mA) 



100 150 200 

l Cl COLLECTOR CURRENT (mA) 
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Multiple and Special Devices 

MD2904, MD2905, MD2904A, MD2905A (continued) 



SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 
Vce = 10 V, Ta = 25°C 



FIGURE 5 - FREQUENCY VARIATION 




100 200 500 Ik 2 k. 5 k 10 k 20 k 50 k 100 k 
f, FREQUENCY Ccps) 



FIGURE 6 - SOURCE RESISTANCE VARIATION 




100 200 500 lk 2 k 5k 10 k 20k 50k 100k 
R 9 , SOURCE RESISTANCE (OHMS) 



h PARAMETERS 

FIGURE 7 - CURRENT GAIN VcE = iov,f=i kc ' Ta = 25 ° c FIGURE 8 - OUTPUT ADMITTANCE 



. 100 

70 
50 



























































































































































MD 


!90 


,MD2 


905 












































































































































































M[ 


2904 


MD 


290 


4A 



















































































































































0.1 0.2 0.5 1.0 2.0 5.0 10 20 

l Cl COLLECTOR CURRENT (mAdc) 

FIGURE 9 - INPUT IMPEDANCE 





1 0.2 0.5 1.0 2.0 5.0 10 20 

l c , COLLECTOR CURRENT (mAdc) 

FIGURE 10 — VOLTAGE FEEDBACK RATIO 



0.1 0.2 0.5 1.0 2.0 5.0 10 

l Cl COLLECTOR CURRENT (mAdc) 




' 0.1 0.2 0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (mAdc) 
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Multiple and Special Devices 

MD2904, MD2905, MD2904A, MD2905A (continued) 



SWITCHING CHARACTERISTICS 

Vcc = 30V, Ta = 25°C 

FIGURE 11 — TURN-ON TIME FIGURE 12 — CHARGE DATA 




3.0 5.0 7.0 10 20 30 50 70 100 200 300 3.0 5.0 7.0 10 20 30 50 100 200 300 

l Cl COLLECTOR CURRENT (mA) l c , COLLECTOR CURRENT (mAdc) 



FIGURE 13 - STORAGE TIME FIGURE 14 - FALL TIME 




3.0 5.0 7.0 10 20 30 50 70 100 200 

l c , COLLECTOR CURRENT (mA) 



3.0 5.0 7.0 10 20 30 50 70 100 200 300 

l c , COLLECTOR CURRENT (mA) 



SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 16 — TURN-OFF TIME 



FIGURE 15 — TURN-ON TIME 

-30 V 



GENERATOR 
RISETIME^2nsec 619 

PW^200nsec O— VW 
DUTY CYCLE ~ 2% 
+0.5 




| DUTY CYCLE ^ 




*» 500 usee 



C s *^12pf o _ f -L 



. ^ OSCILLOSCOPE: 
Rc £ 200 Q t r ^5nsec 



_L 



C s * f 12 pi 



J 



-< 5 nsec 
- 10 to 100 /xsec +3V 



*C S is total shunt capacitance of oscilloscope and test fixture. 
R c includes oscilloscope resistance. 
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Multiple and Special Devices 

MD2904, MD2905, MD2904A, MD2905A (continued) 



FIGURE 17 - CURRENT GAIN - BANDWIDTH PRODUCT 



FIGURE 18 -CAPACITANCE 




£ 10 

| 8.0 
1 6.0 

a 

4.0 



Cob, 



1.0 2.0 5.0 10 20 50 100 200 

l c . 60LLECTQR CURRENT (mAdc) 



0.5 1.0 2.0 5.0 10 20 40 

REVERSE BIAS (VOLTS) 



FIGURE 19 - ACTIVE REGION SAFE OPERATING AREAS 




V C E. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic _ VcE limits below which the devices will not go into secondary 
breakdown. As the safe operating areas shown are independent of temperature and duty cycle, these curves 
can be used as long as the average power derating factor (Figure 1) is also taken into consideration to insure 
operation below the maximum junction temperature. 
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Multiple and Special Devices 



md325®, k 
md325L A 



CASE 32 



Vceo = 40V 
l c = 50 mA 
P D = 500 mW one side 
600 mW both sides 




CASE 3 3 PNP silicon annular transistors, especially 

designed for low-level, differential amplifier applica- 
tions. 



+ C° 6 



PIN CONNECTIONS 
(BOTTOM VIEW) 



MAXIMUM RATINGS (each side) (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

V CB 


50 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


40 


Vdc 


Emitter -Base Voltage 


V EB 


5 


Vdc 


DC Collector Current 


l c 


50 


mAdc 


Junction Temperature 


T J 


+200 


°C 


Storage Temperature Range 


stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation @ T. = 25° C 
TO-5 Case 

Derate above 25 °C 

Flat Pack 

Derate above 25° C 


P D 


500 
2.9 

250 
1.5 


600 
3.4 

350 
2.0 


mW 

mW/°C 

mW 
mW/°C 


Total Device Dissipation @ T p = 25° C 
TO-5 Case 

Derate above 25 °C 


P D 


1.2 
6.85 


2.0 
11.42 


mW 
mW/°C 
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Multiple and Special Devices 

MD3250, A and MD3251, A (continued) 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
I Characteristic 1 Symbol | Min| Typ | Max| Unit] 



OFF CHARACTERISTICS 



Collector-Base Breakdown Voltage 
(I c = 10 MAdc, I E = 0) 


BV CBO 


50 






Vdc 


Collector-Emitter Breakdown Voltage 
(I c = 10 mAdc, I B = 0) 


BV CEO 


40 


70 




Vdc 


Emitter-Base Breakdown Voltage 
(I E .= 10 MAdc, I c = 0) 


BV EBO 


5 






Vdc 


Collector Cutoff Current 

(V CB = 50 Vdc, I E = 0) ' 

(V CB = 50 Vdc, I E = 0, T A = 150 b C) 


r CBO 






0.01 
10 


MAdc 


Emitter Cutoff Current 
(V EB = 3 Vdc, I c = 0) 


r EBO 






20 


nAdc 



ON CHARACTERISTICS 



DC Forward Current Transfer Ratio* 
(I c = 10 MAdc, V CE - 5 Vdc) 


MD3250, MD32504 
MD3251, MD3251A 


h FE* 


25 
50 








(I c = 100 MAdc, V CE - 5 Vdc) 


MD3250, MD3250A 
MD3251, MD3251A 




50 
100 




150 
300 




(I c = 100 MAdc, V CE = 5 Vdc, T A = -55° C) 


MD3250, MD3250A 
MD3251, MD3251A 




25 
50 








(I c = 1 mAdc, V CE = 5 Vdc) 


MD3250, MD3250A 
MD3251, MD3251A 




50 
100 




150 
300 




(I c = 10 mAdc, V CE = 5 Vdc) 


MD3250, MD3250A 
MD3251, MD3251A 




50 
100 








(I c = 50 mAdc, V CE = 5 Vdc) 


MD3250, MD3250A 
MD3251, MD3251A 




15 
30 








Collector- Emitter Saturation Voltage* 
(I c = 10 mAdc, 1=1.0 mAdc) 




V CE(sat)* 






0. 25 


Vdc 


(I r = 50 mAdc, I R = 5 mAdc) 










0. 50 




Base-Emitter Saturation Voltage* 
(I c = 10 mAdc, I = 1. 0 mAdc) 




V BE(sat)* 


0.6 




0. 9 


Vdc 


(I c - 50 mAdc, I B = 5 mAdc) 










1.2 




TRANSIENT CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I c = 10 mAdc, V rp = 20 Vdc, f = 100 mc) 


MD3250, MD3250A 
MD3251, MD3251A 


f T 


200 
250 






mc 


Output Capacitance 

(V rR = 5 Vdc, I R = 0, f = 100 kc) 


C ob 






6 


pf 


Input Capacitance 

(V FR = 0. 5 Vdc, I c = 0, f = 100 kc) 


C ib 






"35 


pf 


Small Signal Current Gain 

(I r = 1.0 mA, V pE = 10 V, f = 1 kc) 


MD3250, MD3250A 
MD3251, MD3251A 


h fe 


50 
100 




200 
400 




Voltage Feedback Ratio 

d c = 1.0 mA, V cp = 10 V, f = 1 kc) 


MD3250, MD3250A 
MD3251, MD3251A 


h 

re 






10 

20 


X10-4 


Input Impedance 

d c = 1.0 mA, V CR = 10 V, f = 1 kc) 


MD3250, MD3250A 
MD3251, MD3251A 


h. 

le 


1 
2 




6 
12 


kohms 


Output Admittance 

(I c = 1.0 mA, V CF = 10 V, f = 1 kc) 


MD3250, MD3250A 
MD3251, MD3251A 


h oe 


4 
10 




40 
60 


Mtnhos 


Wide Band Noise Figure 

(I c = 100 mA, V ce = 10 V, R g = 3 kohm, 


MD3250, MD3250A 


NF 






4 


db 


Noise Bandwidth 10 cps to 15. 7 kc) 


MD3251, MD3251A 








3 




MATCHING CHARACTERISTICS .(Types MD3250A and MD3251A only) 


DC Current Gain Ratio** 

(I c = 100 MAdc and 1 mAdc, V cp = 5 Vdc) 


MD3250A, MD3251A 


h FEl //h FE2** 


0.9 




1.0 




Base Voltage Differential 

d c = 10 mA, to 10 mA, V CE = 5 Vdc) 


MD3250A, MD3251A 


| V BEl" V BE2l 






5 


mVdc 


(I c = 100 MAdc, V CR = 5 Vdc) 


MD3250A, MD3251A 








3 




Base Voltage Differential Change 

d c = 100 MAdc, V CE = 5 Vdc, = -55 to .+25° C) 


MD3250A, MD3251A 


A < V B E rW 






0.8 


mVdc 


(I c = 100 MAdc, V CE = 5 Vdc, T A = 25 to 125°C) 


MD3250A, MD3251A 








1.0 





*Pulse Test s 300 Msec, duty cycle § 2% **The lowest h pF reading is taken as h FF1 for this ratio 
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-Multiple and Special Devices - 



MD3250, A and MD3251, A (continued) 

NORMALIZED CURRENT GAIN CHARACTERISTICS 





1 1 

Tj = 125°C 














































Tj = 25°C 


































































































j = -55° 




































































































































































NORN 

TYPIC 


lc = lUm«, Vce = 1» 

ALh FE = 74- MD3250, MD3250 
167 - MD3251, MD3251 

i 


\ 










































\ 





















0.5 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENHmA) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
SPOT NOISE FIGURE 













Ta -25°C 


























V 


CE=6 


/ 
























































































SOU 


RCE 


?ES 


ST 


ANCE = 


4.3 K 
























c - 


= 10 mA 
















































































































SOUF 


CER 


ESI 


st; 


NCE = 


1.6 K 






















lc 




100 nA 
































100 200 400 1KC 2KC 4KC 10KC 20KC 40KC 100KC 
f, FREQUENCY (CYCLES) 

h PARAMETERS 



100 200 400 IK 2K 4K 10K 20K 40K 100K 
R,, SOURCE RESISTANCE (OHMS) 



CURRENT GAIN 





























































* ' 


4D3 


.51, M 


)32 


51A 




































































MI 


325 


), md: 


250 


A 















































































































































































































































(V CE = 10V, T A = 25°C,f = lKc) 
200 



OUTPUT ADMITTANCE 




0.5 1.0 2.0 

l c , COLLECTOR CURRENT (mAdc) 



INPUT IMPEDANCE 
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Multiple and Special Devices 

MD3250, A and MD3251, A (continued) 
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Multiple and Special Devices 



AADS 

md6002 





CASE 32 



Vcbo = 60V 
! c = 300 mA 
P D = 500 mW one side 
600 mW both sides 



Silicon annular complementary- pair dual transistor 
is designed for high-speed switching circuits, DC to 
VHF amplifier applications and complementary cir- 
cuitry. 

PNP 

NPN K lC 



PIN CONNECTIONS 
(BOTTOM VIEW) 

MAXIMUM RATINGS (each side) (Ta = 25°C unless otherwise specified) 

Test Conditions and Limits are given in magnitudes only. Care must be taken to in- 
sure the application of proper polarities for the NPN or PNP transistor, respectively. 



Characteristics 


Symbol 


Rating 


Unit 


Collector-Base Voltage 


v 

CBO 


60 


Vdc 


Collector-Emitter Voltage 


v 

CEO 


30 


Vdc 


Emitter-Base Voltage 


V 

EBO 


5 


Vdc 


DC Collector Current 
(Limited by P D ) 




300 


mAdc 


Junction Temperature 


T J 


+200 


°C 


Storage Temperature 


stg 


-65 to +200 


°C 






ONE SIDE 


BOTH SIDES 




Total Device Dissipation @ T^ = 25° C 
Derate above 25° C 


P D 


500 
2.9 


600 
3.4 


mW 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25 °C 


P D 


1.2 
6. 83 


2.0 
11.43 


W 
mW/°C 



GENERATOR 
RISE TIME ^2 nsec 

PW ^ 200 nsec 
DUTY CYCLE ~ 2% 



NPN SATURATED SWITCHING TIME TEST CIRCUITS 

For PNP Switching Tests, reverse diodes, voltage polarities, and input pulses. 
FIGURE 1 - NPN TURN-ON TIME FIGURE 2 - NPN TURN-OFF TIME 

10 to 100 /xsec 




< 5 nsec 



1000 

p o-VW 



*C S is total shunt capacitance of oscilloscope and test fixture. 
R c includes oscilloscope resistance. 
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•Multiple and Special Devices- 



MD6001, MD6002 (continued) 

ELECTRICAL CHARACTERISTICS (each side) (Ta = 25°C unless otherwise noted) 



Characteristic 



Symbol Min Max Unit 



OFF CHARACTERISTICS 



Collector-Base Breakdown Voltage 
(I c = 10 /iAdc, I E = 0) 


BV CBO 


60 




Vdc 


Collector-Emitter Breakdown Voltage* 
(I c - 10 mAdc, I R = 0) 


BV CEO* 


30 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 10 /iAdc, I c =0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 

(V CE = 50 Vdc, V EB = 3 Vdc) 

(V CE = 50 Vdc, V EB - 3 Vdc, T A = 150°C) 


l CEX 




0.02 

30 


jLiAdc 


Base Cutoff Current 

(V CE = 50Vdc, V EB = 3 Vdc) 






0. 03 


/iAdc 



ON CHARACTERISTICS 



DC Current Gain* 

(U =0.1 mAdc. V = 10 VrirO 


MD6001 
MD6002 


h FE* 


20 
35 






(I c = 1.0 mAdc, V CE = 10 Vdc) 


MD6001 
MD6002 




25 
50 






(I c = 10 mAdc 


, V CE = 10 Vdc) 


MD6001 
MD6002 




35 
75 






d c = 150 mAdc, V CE = 10 Vdc) 


MD6001 
MD6002 




40 
100 


120 
300 




d c = 150 mAdc, V CE = 1 Vdc) 


MD6001 
MD6002 




20 
50 






(I c = 300 mAdc, V CE = 10 Vdc) 


MD6001 
MD6002 




20 
30 






Base- Emitter Saturation Voltage* 
d c = 150 mAdc, I B = 15 mAdc) 




V * 
BE(sat) 




1.3 


Vdc 


d c = 300 mAdc, l Q = 30 mAdc) 








2.0 




Collector-Emitter Saturation Voltage* 
d c = 150 mAdc, I = 15 mAdc) 


v * 
CE(sat) 




0.4 


Vdc 


(I c = 300 mAdc, I B = 30 mAdc) 








1.4 




TRANSIENT CHARACTERISTICS 


Gain - Bandwidth Product 

(I c = 50 mAdc, V CE = 20 Vdc, 


f = 100 mc) 


i T 




200 


mc 


Collector Output Capacitance 

(V CB = 10 Vdc, I £ = 0, f = 100 kc) 


C ob 




8 


P* 


Collector Input Capacitance 

(V EB = 2 Vdc, I c = 0, f = 100 kc) 


C ib 




30 


Pf 


Delay Time 


See Figure 1 


V CC = 30V ' V BE(o«r°- 5V 


4 d 




20 


nsec 


Rise Time 




I„ = 150 mA, T , = 15 mA 
\^ r>l 


r 




40 


nsec 


Storage Time 


See Figure 2 


V cc = 30 V, I c = 150 mA 


s 




280 


nsec 


Fall Time 




l Bl = l B2 = 15 mA 


l f 




70 


nsec 



♦Pulse Test: PW ^ 300 /usee, Duty Cycle ^ 2% 
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•Multiple and Special Devices- 



MSD6100 V r =100V 
m:>UWBW l F = 200mA 

P D = 310mW 




CASE 29 

(TO-92) 



1 2 3 



Silicon epitaxial dual switching diode, designed for 
use in high speed switching applications, features high 
breakdown voltage, low capacitance, one-piece injec- 
tion-molded unibloc package, and space saving com- 
mon-cathode configuration. 

' O 

2 o 



3 o 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


Vr 


100 


Vdc 


Recurrent Peak Forward Current 


i F 


200 


mA 


Peak Forward Surge Current 
(Pulse Width = 10 /usee) 


x FM(surge) 


500 


mA 


Power Dissipation @ T A = 25°C 
Derate above 25°C 


PD 


310 
2.82 


mW 
mW/°C 


Operating Junction Temperature 


Tj 


135 


°C 


Storage Temperature Range 


T stg 


-55 to +135 


°C 



ELECTRICAL CHARACTERISTICS = 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


Breakdown Voltage 
(I(BR) = 100 AtAdc) 




V (BR) 


100 




Vdc 


Reverse Current 
(V R = 100 Vdc) 
(Vr = 50 Vdc) 
(Vr = 50 Vdc, T A = 125°C) 


2 


Ir 




5 

0.1 
20 


//Adc 


Forward Voltage 
(I F = 1 mAdc) 
(I F = 10 mAdc) 
(I F = 100 mAdc) 


1 


v F 


0.55 
0.67 
0.75 


0.7 
0.82 
1.1 


Vdc 


Capacitance 
(V R = 0) 


3 


c 




1.5 


pf 


Reverse Recovery Time 
(I F = Ir = 10 mAdc, V R = 5 Vdc, 
i rr = 1.0 mAdc) 


4,5 


t rr 




4.0 


nsec 
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Multiple and Special Devices 

MSD6100 (continued) 





FIGURE 5 — RECOVERY TIME EQUIVALENT TEST CIRCUIT 
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Multiple and Special Devices 



msd6101 



CASE 29 

(TO-92) 




V R = 50V 
l F = 200 mA 
P D = 310mW 



Silicon epitaxial dual discriminator diode designed 
for use in FM discriminator applications. 



MAXIMUM RATINGS <Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


50 


Vdc 


Peak Forward Recurrent Current 


*F 


200 


mA 


Peak Forward Surge Current 
(Pulse Width = 10/is) 


*FM(surge) 


500 


mA 


Power Dissipation® T. = 25°C 
Derate above 25° C 




310 
2. 82 


mW 

mW/°C 


Operating and Storage Junction Temperature 
Range 


T J> T stg 


-55 to +135 


°C 



ELECTRICAL CHARACTERISTICS CTa = 25°C unless otherwise noted) 



Characteristic 


Fig. No. 


Symbol 


Min 


Max 


Unit 


Breakdown Voltage 
(I (BR) = 100 MAdc) 




V (BR) 


50 




Vdc 


Reverse Current 
(V R = 40 Vdc) 

(V R = 40 Vdc, T A = 125° C) 


2 






0. 1 
100 


fiAdc 


Forward Voltage 
(I F = 0. 1 mAdc) 
(I F = 10 mAdc) 


1 


V F 


0. 43 
0. 67 


0. 57 
0. 82 


Vdc 


Capacitance 
<V R -0) 


3 


C 




2.0 


pF 


Reverse Recovery Time 

(I F = I R = 10 mAdc, V R = 5 Vdc, 
i rr = 1. 0 mAdc) 


4, 5 


*rr 




10 


ns 


Forward Voltage Matching | V F - V_ 9 I 
(I F1 = I F2 = 0. 1 mAdc) £1 * & 








0. 003 


Vdc 
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-Multiple and Special Devices - 



MSD6101 (continued) 

FIGURE 1 — FORWARD CHARACTERISTICS 



| 0.7 
§ 0.5 
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125°C _ 
25°C 
-55°C 

































































































































0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
V F , FORWARD VOLTAGE DROP (VOLTS) 



FIGURE 2 - REVERSE LEAKAGE CURRENT 




50 75 100 

T A , AMBIENT TEMPERATURE (°C) 



NUUKt 3 - UAPAUITANCE 



FIGURE 4 - REVERSE RECOVERY TIME 



1.2 
1.1 
§. 1.0 

I 09 
o- 0.8 
0.7 
0.6 



2 3 
V R , REVERSE VOLTAGE (VOLTS) 



15 

10 
8 

S 6 
| 4 



1.0 
Ir/If 















- If = 50 mA 
/— 10 mA 
/< — 1mA 

























































































FIGURE 5 - RECOVERY TIME EQUIVALENT 
TEST CIRCUIT 




500 a 

-A/W- 



100 ns <t, < 100 ^ts 
DUTY CYCLE - 2% 
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Multiple and Special Devices — 

ADDITIONS AND MODIFICATIONS 
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Multiple and Special Devices — 

ADDITIONS AND MODIFICATIONS 
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Vara dors 



ACTi 




Including 

VARACTOR DIODES 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 
RF SWITCHING DIODE 



12-1 



Varactors 



For case outline dimensions, see page 1-186. 
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Varacfors 



VARACTORS 

Varactor diodes are voltage -variable capacitance diodes utilized for 
electronic tuning and for frequency multiplication and RF switching in receivers 
and transmitters. This section contains devices suitable for both purposes. 
The frequency-multiplier devices are step-recovery types intended to provide 
high power output at frequencies normally beyond the limits of RF power 
transistors. 

Devices in this section include: 



TUNING DIODES 


MULTIPLIER DIODES 


RF SWITCHING 
DIODES 


Device Pg. No. 


Device Pg. No. 


Device Pg. No. 


Device Pg. No. 


1N5139, A 
thru 

1N5148,A 12-10 

MV830 
thru 

MV840 12-21 
MV1864A,B 12-23 


1N4386 12-5 

1N4387 12-7 

1N4388 12-8 

1N5149 12-12 
(MV1806C) 

1N5150 12-12 
(MV1807C) 


1N5151 12-15 
(MV1808A) 

1N5152 12-15 
(MV1808B) 

1N5153 12-15 
(MV1808C) 

1N5154 12-18 
(M VI 810 A) 

1N5155 12-18 
(MV1810B) 


MV1892 12-25 



PARAMETER TEST METHODS 



1. L s , SERIES INDUCTANCE 

A. PILL/ PILL-PRONG PACKAGE 
Series inductance is calculated. 

B. GLASS PACKAGE 

L s is measured on a shorted package at 250 mc using an 
impedance bridge (Boonton Radio Model 250A Rx Meter). 
L = lead length. 

2. Co CASE CAPACITANCE 

Cc is measured on an open package at 1 mc using a capaci- 
tance bridge (Boonton Electronics Model 75A). 



3. c Tl diode capacitance 

(Ct = Cc + Cj). C T is measured at 1 mc using a capacitance 
bridge (Boonton Electronics Model 33AS8). 



5. f co , CUTOFF FREQUENCY 

fco is calculated using the equation fco = Qf. 



6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 

The diode capacitance, C T (as measured at V* = 4 Vdc, 
f = 1 mc) is compared to C T (as measured at V* = 60 Vdc, 
f = 1 mc) by the following equation which defines <*. 

a _ logC T (4) - log C T (60) * 
log 60 — log 4 

Note that a C T versus V* law is assumed as shown in the follow- 
ing equation where Cc is included. 




a is not the same as v. See page 4. 



4. R s , SERIES RESISTANCE and Q, FIGURE OF MERIT 

Rs and Q are calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and substituting 
in the following equations: 

p _ G Q _ 2irfC r _| C T (+85°C) - C T (-b5-C) 1 XU° 

(2x0*0' V G ,0c -| 85 + 65 I C T (25*C) 

(Boonton Electronics Model 33AS8). 

* Change 60 volt values to 30 volts for 
MV830-MV840. 



7. TCc, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 

TCc is guaranteed by comparing C T at V* = 4 Vdc, f = 1 mc, 
Ta = -65°C with Cr at V» = 4 Vdc, f = 1 mc, T A = +85°C in 
the following equation which defines TCc: 
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Varactors 



VOLTAGE VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 



A. WC NETWORK PRESENTATION 

The equivalent circuit in Figure 1 shows the voltage ca- 
pacitance and parasitic elements of a VVC diode. For design 
purposes at all but very high and very low frequencies, L s , 
Rj, and C c can be neglected. The simplified equivalent cir- 
cuit of Figure 2 represents the diode under these conditions. 



Definitions: 

Cj— Voltage Variable Junction Capacitance 

R s — Series Resistance (semiconductor bulk, contact, 

and lead resistance) 
C c — Case Capacitance 
L s — Series Inductance 

Rj — Voltage Variable Junction Resistance (negligible 
above 100 kHz) 



FIGURE 1 




FIGURE 2 



-A/W- 



B. WC CAPACITANCE vs. REVERSE BIAS VOLTAGE 

The most important design characteristic of a VVC diode 
is the C T versus V R variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of 
C T versus V R , the C c , C 0 , 0, and y characteristics have been 
encompassed by the simplified equation 3. Min/max limits 
on a (as defined in Note 6) can be guaranteed over a speci- 
fied V R range. 



Ct = C c 



(1+ ' 

C 0 = Cj at V R = 0 
<p = Contact Potential, $ « 
r.- K 



(1) 
(2) 



V R =z Reverse Bias 
y = Co slope, y ~ 0.5 



(3) 



li. vvu UArAWiANUt vs. ritcuucnbi 

Variations in VVC effective capacitance, as a function 
of operating frequency, can be derived from a simplified 
equivalent circuit similar to that of Figure 1, but neglecting 
R s and Rj. The admittance expression for such a circuit is 
given in equation 4. Examination of equation 4 yields the 
following information: 

At low frequencies, C eq « C,; at very high frequencies 
(f~°°)C eq ~C c . 

As frequency is increased from 1 MHz, C eq increases un- 
til it is maximum at o 1 = l/L s Cj; and W J is increased from 
l/L s Cj toward infinity, C eq increases from a very negative 
capacitance (inductive) toward C eq = C c , a positive 
capacitance. 

Very simple calculations for C eq at higher frequencies 
indicate the problems encountered when capacity measure- 
ments are made above 1 MHz. As w approaches Mo = 
l/v"l-sCj, small variations in L s cause extreme variations 
in measured diode capacitance. 



Y= ja,C. q = ju,C c +- 



(4) 



D. WC FIGURE OF MERIT (Q) AND CUTOFF FREQUENCY (f co ) 

The efficiency of VVC response to an input frequency is 
related to the Figure of Merit of the device as defined in 
equation 5. For very low frequencies, equation 6 applies 
whereas at high frequencies, where Rj can be neglected, 
equation 5 may be written into the familiar form of 
equation 7. 

Another useful parameter for VVC devices in the cutoff 
frequency (f co ). This is merely that frequency at which Q is 
equal to 1. Equation 8 gives this relationship. 



Q = 



Xs.q 



u>CjRj 2 



Rj + Rs(1 + ^Cj2Rj 2 ) 

1 

«RsC 

1 



fco = Qfn,.. - 



27rR s Cev 



(5) 
(6) 
(7) 
(8) 



E. HARMONIC GENERATION USING WC's 

Efficient harmonic generation is possible with WC be- 
cause of their high cutoff frequency and breakdown voltage. 
Since VVC junction capacitance varies inversely with the 
square root of the breakdown voltage, harmonic generator 
performance can be accurately predicted from various 
idealized models. Equation 9 gives the level of maximum 
input power for the VVC and equation 10 gives the relation- 
ships governing WC circuit efficiency. In these equations, 
adequate heat sinking has been assumed. 



M(BVr + <(>) 2 fin 



Rs fco 

M(x2) = 0.0285;M(x3) = 0.0241; M(x4) = 0.196 

Eff = 1 - N ^rj 
N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 
M and N are Constants 



(9) 



(10) 
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Var actors 



1n4386 V r = 250V 

P out = 37.5 W @ 150 Mc 
v = 75% {to* = 150'Mc) 




Silicon varactor diode for high-power frequency mul- 
tiplication applications. 



CASE 49 

(DO-4) 
cathode connected to stud 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


250 


Volts 


RF Power Input 


P in 


100 


Watts 


Total Device Dissipation @ Tg = 75°C 
(derate 0.25 W/°C above 75°C) 


P D 


25 


Watts 


Junction Temperature 


T J 


+ 175 


°C 


Storage Temperature 


T stg 


-65 to + 175 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C) 



Characteristic 


Symbol 


Condition 


mn 


Typ 




Unit 


Reverse Breakdown Voltage 


BV R 


I R = 10/iAdc 


250 


300 




Vdc 


Series Resistance 


R s 


V R = 6 Vdc 
f = 50 mc 




0.75 


1.5 


Ohms 


Junction Capacitance 




V R = 6 Vdc 
f = 50 mc 




35 


50 


pf 


Figure of Merit 


Q 


V R = 6 Vdc 
f = 50 mc 


75 


125 








Power Output 


P out 


TRIPLER 
TEST CIRCUIT 

P in = 50 w 
f in = 50 mc 

f out = 150 mc 


32.5 


37.5 




Watts 


Efficiency 


V 


65 


75 




% 
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Varacfors 



1 N4386 (continued) 




50 mc TO 150 mc TRIPLER TEST CIRCUIT 



INPUT 
f = 50 mc _\l 
P in = 50W 7/^ 



OUTPUT 
f = 150 mc 
Pet = 32.5W min. 




Coxl. 


LENGTH 


DIAMETER 
(inside) 


TURNS 


WIRE DIA. 


L, 


1%" 


1 1/16" 


7 


3/32" 


L. 


IVi" 


11/16" 


4% 


3/32" 


L, 


IYa" 


y 2 


3Vz 


3/32" 


c, 


2.8-11 pf 


E.F.JOHNSON 167-1 


VARIABLE CAPACITOR 


c, 


6.7-140 pf 


HAMMARLUND APC-140 


VARIABLE CAPACITOR 


c, 


3.0-25 pf 


HAMMARLUND APC-25 


VARIABLE CAPACITOR 


c« 


2.9-35 pf 


HAMMARLUND MAPC-35 


VARIABLE CAPACITOR 


c 5 


3.0-25 pf 


HAMMARLUND APC-25 


VARIABLE CAPACITOR 



APPLICATION NOTES 

VARACTOR CHARACTERISTICS: 

The 1N4386 is designed for RF power inputs up to 100 
watts and for output frequencies up to 300 mc. Although 
power handling capability is stressed in device construction, 
high-multiplication efficiency is maintained with input pow- 
ers as low as 10 watts. 

Where frequencies with input powers below 10 watts are 
to be multiplied, or where higher output frequencies are 
desired, the 1N4387 varactor diode is recommended. That 
device is designed for maximum power levels up to 40 watts 
and output frequencies up to 600 mc. (see the 1N4387 data 
sheet for device specifications.) 

Both the 1N4386 and 1N4387 power varactors are fab- 
ricated by the formation of a deep diffused silicon junction 
with a unique impurity profile. One of the significant char- 
acteristics of such a profile is enhancement of nonlinearities 
due to the sharp recovery of stored minority carriers injected 
during the forward voltage swing. This increased nonlinear- 
ity results in better efficiency retention at high power 
levels and considerably less distortion of amplitude 
modulated signals. 

Published design theory for abrupt junction varactors can 
be used for approximate calculations of diffused varactor 
impedance and power handling capability, but the engineer 
is cautioned to use the results of such calculations for per- 
formance estimates only. Functional specifications and 
circuit-determined curves are included with data sheet infor- 
mation in order to facilitate circuit design. 

The DO-4 package is well suited to varactor shunt circuits 
as the stud can be mounted to a chassis for ground and heat 
sink purposes. 



GENERAL DESIGN CONSIDERATIONS: 

In the design of varactor harmonic multipliers, lumped 
circuit techniques are useful up to 450 mc with little per- 
formance degradation provided coil and capacitor "Q" 
values of 200 to 300 are maintained. 

Above 450 mc, coaxial, stripline, or helical coil resonators 
are ^recommended. Component values are not particularly 
critical; however, excessive inductance or insufficient cou- 
pling can cause low efficiency, and insufficient inductance or 
excessive coupling can cause poor filtering. Simple experi- 
mentation with well constructed and shielded breadboards 
is generally sufficient for circuit optimization. Note that an 
adequate tuning range must be provided to insure input 
match over normal varactorvariations, and that spurious 
signals between stages should be kept below 30 db by suit- 
able filter circuits. 

If self bias is used, bias resistor values between 68K and 
270K ohms are optimum. The higher values give more effi- 
cient operation, whereas the lower values permit more linear 
operation. Amplitude modulated signals can be passed with 
relatively low distortion if R B 100K ohms and the varac- 
tor RF input power level is kept less than 65% of the rated 
maximum limit. 

For all multiplications other than doubling, idler circuits 
should be provided in order to optimize circuit efficiencies. 

In typical applications doubling efficiency is 5% 
greater than that for tripling and quadrupling efficiency 
5% less than that for tripling. (See data sheet curves.) 
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Var actors 



in4387 



CASE 49 

(DO-4) 




V R = 150V 

P out = 18 W @ 450 Mc 

v = 60% (f out = 450Mc) 



Silicon varactor diode for high-power frequency mul- 
tiplication applications, 
cathode connected to stud 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


150 


Volts 


RF Power Input 


P in 


40 


Watts 


Total Device Dissipation @ T c = 75°C 
(derate 0.2 W/°C above 750C) 


P D 


20 


Watts 


Junction Temperature 


Tj 


+ 175 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°) 



Characteristic 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


BV R 


I R =10 /xAdc 


150 


200 




Vdc 


Series Resistance 


R s 


V R = 6 Vdc 
f = 50 mc 




1.0 


1.5 


Ohms 


Junction Capacitance 


C J 


V R = 6 Vdc 
f = 50 mc 




25 


35 


Pf 


Figure of Merit 


Q 


V R = 6 Vdc 
f =50 mc 


150 


200 








Power Output 


P out 


TRIPLER 
CIRCUIT 

P in = 30 W 
f in = 150 mc 
^out = 450 mc 


15 


18 




Watts 


Efficiency 


V 


50 


60 




% 



POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 



SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 



P 1N = 


40 WATTS 






































P IN = 30 WATTS 
























P .N ~ 
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Varacfors 



in 438 3 




CASE 49 

(DO-4) 



V R = 100 V 
C T = 10pf 

7 7 = 60%(f ou t= lOOOMc) 
P out = 12W @ 1000 Mc 



Silicon varactor diode for high-frequency harmonic 
generation applications. 



cathode connected to stud 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


100 


Volts 


Forward Current 


! F 


1 


Amp 


RF Power Input 


P._ 


25 


Watts 


Total Device Dissipation @ T c = 75° C 


P D 


10 


Watts 


Derate above 75° C 




0.10 


W/°C 


Junction Temperature 


T J 


+175 


°c 


Storage Temperature 


stg 


-65 to +175 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


BV R 


I R = 10 piAdc 


100 


150 




Vdc 


Reverse Current 


l R 


V R = 75 Vdc 

V R = 75 Vdc, T A = 150°C 




0.5 


2 

100 


/jiAdc 


Series Resistance 


R s 


V R = 6 Vdc, f = 50 mc 




1.2 


2.0 


Ohms 


Diode Capacitance 


V 


V R = 6 Vdc, f = 50 mc 
V R = 90 Vdc, f = 50 mc 


200 
1000 


10 
5 


20 
10 


pF 


Figure of Merit 


Q 


V R = 6 Vdc, f = 50 mc 
V R = 90 Vdc, f = 50 mc 


300 




















Power Output 


P 

out 


TEST CIRCUIT 

(Figure 1) 

P. = 20 W, f. = 500 mc 
in ' in 

f . = 1000 mc 
out 


11.0 


12.0 




Watts 


Efficiency 




55 


60 




% 



*V C J +C C 
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Varacfors 



1N4388 (continued) 



FIGURE OF MERIT versus REVERSE VOLTAGE 




POWER OUTPUT versus OUTPUT FREQUENCY 
DOUBLING (X2) 
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P iB = 5 W 




























P., = 3 W 

1 1 1 

















100 200 300 400 500 700 1000 1200 

f, OUTPUT FREQUENCY (mc) 



TRIPLING (X3) 



QUADRUPLING (X4) 




200 300 400 500 700 1000 1200 

f, OUTPUT FREQUENCY (mc) 




200 300 400 500 700 1000 1200 

f, OUTPUT FREQUENCY (mc) 



FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 



500 MC COAX CAVITY 



OMCO 

Z ; „ 50n i 
Pin 20 W I 



1000 MC COAX CAVITY 



0.5-12 pF 



J Z out 50n 
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Varactors 



iN5139,AthruiN5]48,A 



V R = 60V 

B F = 250 mA 

Q = 200-350 (min) 
@ V R = 4 V and f = 50 MHz 



CASE 51 

(DO-7) 



Polarity band on 
cathode end 



Silicon voltage -variable capacitance diodes, designed 
for electronic tuning and harmonic -generation applica- 
tions, and providing solid-state reliability to replace 
mechanical tuning methods. 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


60 


Volts 


Forward Current 


l F 


250 


mA 


RF Power Input t 


P. 
in 


5 


Watts 


Device Dissipation @ T A = 25° C 
Derate above 25°C 


P D 


400 
2.67 


mW 
mW/°C 


Device Dissipation @ T c = 25°C 
Derate above 25°C 


p c 


2 

13.3 


Watts 

mW/°C 




*J 


+i75 


~C 


Storage Temperature Range 


stg 


-65 to +200 


°c 



tThe RF power input rating assumes that an adequate heat sink is provided. 

ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 



Characteristic -All Types 


Test Conditions 


Symbol 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


I R = 10 nAdc 


B VR 


60 


70 




Vdc 


Reverse Voltage Leakage Current 


V R = 55 Vdc, T A = 25°C 


!r 






0.02 


nAdc 




V R = 55 Vdc, T A = 150°C 








20 




Series Inductance 


f = 250 MHz, L « 1/16" 


L s 




5 




nil 


Case Capacitance 


f = 1 MHz, L * 1/16" 


c C 




0.25 




pF 


Diode Capacitance Temperature 
Coefficient 


V R = 4 Vdc, f = 1 MHz 


TC C 




200 


300 


P pm/°c 





C T , Diode Capacitance 


Q, Figure of Merit 


a 


TR, Tuning Ratio 




V 


= 4 Vdc, f = 1 MHz 


V R = 4 Vdc, 


V =4 Vdc, f = 1 MHz 


VC60 






PF 




f = 50 MHz 






f = 1 MHz 


Device 


Min 


Typ 


Max 


Min 


Min 


Typ 


Min 


Typ 


1N5139 


6.1 


6.8 


7.5 


350 


0.37 


0.40 


2.7 


2.9 


1N5139A 


6.5 


6.8 


7.1 


350 


0.37 


0.40 


2.7 


2.9 


1N5140 


9.0 


10.0 


11.0 


300 


0.38 


0.41 


2.8 


3.0 


1N5140A 


9.5 


10.0 


10.5 


300 


0.38 


0.41 


2.8 


3.0 


1N5141 


10.8 


12.0 


13.2 


300 


0.38 


0.41 


2.8 


3.0 


1N5141A 


11.4 


12.0 


12.6 


300 


0.38 


0.41 


2.8 


3.0 


1N5142 


13.5 


15.0 


16.5 


250 


0.38 


0.41 


2.8 


3.0 


1N5142A 


14.3 


15.0 


15.7 


250 


0.38 


0.41 


2.8 


3.0 


1N5143 


16.2 


18.0 


19.8 


250 


0.38 


0.41 


2.8 


3.0 


1N5143A 


17.1 


18.0 


18.9 


250 


0.38 


0.41 


2.8 


3.0 


1N5144 


19.8 


22.0 


24.2 


200 


0.43 


0.45 


3.2 


3.4 


1N5144A 


20.9 


22.0 


23.1 


200 


0.43 


0.45 


3.2 


3.4 


1N5145 


24.3 


27.0 


29.7 


200 


0.43 


0.45 


3.2 


3.4 


1N5145A 


25.7 


27.0 


28.3 


200 


0.43 


0.45 


3.2 


3.4 


1N5146 


29.7 


33.0 


36.3 


200 


0.43 


0.45 


3.2 


3.4 


1N5146A 


31.4 


33.0 


34.6 


200 


0.43 


0.45 


3.2 


3.4 


1N5147 


36.1 


39.0 


42.9 


200 


0.43 


0.45 


3.2 


3.4 


1N5147A 


37.1 


39.0 


40.9 


200 


0.43 


0.45 


3.2 


3.4 


1N5148 


42.3 


47.0 


51.7 


200 


0.43 


0.45 


3.2 


3.4 


1N5148A 


44.7 


47.0 


49.3 


200 


0.43 


0.45 


3.2 


3.4 
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V a factors 



1N5139 thru 1N5148 (continued) 
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Varactors 



tn5149 

(MV1806C) 

in1550 

(AAV1807C) 



CASE 47 

(cartridge) 



V R =80V 
l F =1.0A 
P D tol4W 

Silicon high-frequency step-recovery power varactors 
for 100 MHz to 2 GHz harmonic-generation applications 
with output power up to 25 watts at 1 GHz. 



cathode 

MAXIMUM RATINGS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


80 


Volts 


Forward Current 


l F 


1.0 


Amp 


RF Power Input 1N5149 

1N5150 


P. 

in 


25 
40 


Watts 


Total Device Dissipation @ T. = 75°C 1N5149 
A 1N5150 

Derate above 75°C 1N5149 

1N5150 


P D 


10 
14 

O.OR 
0.11 


Watts 

w/°c 


Junction Temperature 


T J 


+200 


°c 


Storage Temperature Range 


stg 


-65 to +200 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


BV R 


I R = 10 /iAdc 


80 


90 




Vdc 


Reverse Current 


: R 


V R = 70 Vdc 

V R = 70 Vdc, T A = 150°C 






2 
100 


/iAdc 




Diode Capacitance 


C T 


V R = 6 Vdc, f = 50 MHz 


5 


11.5 


20 


pF 


Figure of Merit 


Q 


V R = 6 Vdc, f = 50 MHz 




800 






Thermal Resistance 




IN5150 






9 


°c/w 


FUNCTIONAL TEST 
1N5149 


RF Power Output 


P . 

out 


Test Setup Figure 1 

P. =20 watts 
in 

f in = °' 5 GHz 
f lut = UGHz 


11 






Watts 


Double r Efficiency 


r\ 


55 






% 


1N5150 


RF Power Output 


P . 
out 


Test Setup Figure 1 

P. =37 watts 
in 

f in = °* 5 GHz 
f out = 1.0GHz 


24 


25 




Watts 


Doubler Efficiency 


rj 


65 


68 




% 
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Varactors 

1N5149, 1N5150 (continued) 



FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 



500 MHz COAX CAVITY 



1 GHz COAX CAVITY 




g 70 
I 









1N5150 














Pi.= 


35 W 
500 MHz 
1000 MHz 



























50 75 100 125 

T c . CASE TEMPERATURE (°C) 
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1N5149, !N5 150 (continued) 



Varactors 



POWER OUTPUT versus OUTPUT FREQUENCY 



1N5149 
FIGURE 4A - DOUBLING (X2) 




500 900 1300 1700 2100 

f out , OUTPUT FREQUENCY (MHz) 

FIGURE 4B- TRIPLING (X3) 




1300 1700 
f ouf , OUTPUT FREQUENCY (MHz) 

FIGURE 4C - QUADRUPLING (X4) 




500 900 1300 1700 

f out , OUTPUT FREQUENCY (MHz) 



1N5150 
FIGURE 5A - DOUBLING (X2) 




500 900 1300 1700 2100 

f ou t, OUTPUT FREQUENCY (MHz) 

FIGURE 5B — TRIPLING (X3) 




500 900 1300 1700 

f ou( , OUTPUT FREQUENCY (MHz) 

FIGURE 5C - QUADRUPLING (X4) 




500 900 1300 1700 2100 

f out , OUTPUT FREQUENCY (MHz) 
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Var actors 



V R = 75 V 

(M VI 808 A) l F = 0.25 A 

P D = 5.5W 



IN 

(MV1808B) 

Silicon high-frequency step-recovery power varac- 
InSI 53 tors, designed for high-power, high-frequency harmon- 

ic generation applications. 
(MV1808C) B 




cathode 



CASE 48 CASE 46 CASE 47 

(1N5151) (1N5152) (1N5153) 

(pill) (pill With prongs) (cartridge) 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


75 


Vdc 


Forward Current 


'f 


0.25 


Adc 


RF Power Input 


P. 
in 


15 


Watts 


Total Device Dissipation @ T c = 75 °C 


P D 


5.5 


Watts 


Derate above 75° C 




45 


mW/°C 


Junction Temperature 


T J 


200 


°C 


Storage Temperature 


T stg 


-65 to +200 


°c 



ELECTRICAL CHARACTERISTICS (Ta = 25° C unless otherwise noted) 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


I R = 10 iiAdc 


BV R 


75 


80 




Vdc 


Reverse Current 


V R = 60 Vdc 

V R = 60 Vdc, T A = 150°C 


l R 




0. 5 


l 

100 


/lAdc 


Series Resistance 


V R = 6 Vdc, f = 50 MHz 


R s 




0.5 




Ohms 


Diode Capacitance 


V R = 6 Vdc, f = 50 MHz 
V R = 70 Vdc, f = 50 MHz 


C T* 


5.0 


5.8 
4 


7.5 


pF 


Figure of Merit 


V R = 6 Vdc, f = 50 MHz 


Q 




1100 






Power Output 


DOUBLER TEST CIRCUIT 

(Figure 1) 

P. = 12 W, f. = 1GHz 
in ' in 

f =2 GHz 
out 


P , 
out 


6.0 


7.2 




Watts 


Efficiency 




50 


60 




% 


Thermal Resistance 








19 


23 


°C/Watt 



* C T = C J +C C 
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Va ra dors 



1N5151, 1N5152, 1N5153 (continued) 



FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 



1 GHz COAX CAVITY 2 GHz COAX CAVITY 




FIGURE 2 - LINEARITY CHARACTERISTIC WITHOUT RETUNING 




P ln , POWER INPUT (WATTS) 
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Varactors 



1N5151, 1N5152, 1N5153 (continued) 



POWER OUTPUT 
versus OUTPUT FREQUENCY 
FIGURE 3A - DOUBLING (X2) 




500 1000 1500 2000 2500 3000 3500 
f out , OUTPUT FREQUENCY (MHz) 



FIGURE 3B — TRIPLING (X3) 



























= 9W 












■ F 


I 

;„ = 6W 












" 


'in = 3W 



























500 1000 1500 2000 2500 3000 3500 
f.„», OUTPUT FREQUENCY (MHz) 



FIGURE 3C - QUADRUPLING (X4) 




500 1000 1500 2000 2500 3000 3500 
f out . OUTPUT FREQUENCY (MHz) 



TYPICAL CHARACTERISTICS at 25°C 

FIGURE 4 — FIGURE OF MERIT 
versus REVERSE VOLTAGE 
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0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

V Rr REVERSE VOLTAGE (Vdc) 



FIGURE 5 — VARACTOR CAPACITANCE 
versus REVERSE VOLTAGE 
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0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 
Vr, REVERSE VOLTAGE (VOLTS) 



FIGURE 6 - DOUBLER EFFICIENCY 
versus CASE TEMPERATURE 























P in = 12W 
fin = 1 GHz 
fout = 2 GHz 





















25 50 75 100 

T c , CASE TEMPERATURE (°C) 
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Vara ctors 



in5154 

(MV1810A) 

in5155 

(MV1810B) 



V R = 35V 
l F = 200 m A 
P D = 3.5W 



^ins^sJ? Silicon high-frequency step-recovery power varac- 

(piil) tors, for multiplier applications from 2 to 8.5 GHz with 

cathode 2 watts minimum power output guaranteed at 6 GHz . 

CASE 46 & 

(1N5155) 
(pill with prongs) 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


35 


Vdc 


Forward Current 


If 


200 


mAdc 


RF Power Input 


P in 


7 


Watts 


Total Device Dissipation @ T c = 75°C 
Derate above 75°C 


P D 


3.5 
30 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to+200 


°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Conditions 


Symbol 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


I R = 10 fiAdc 


BV R 


35 


45 




Vdc 


Reverse Current 


V R - 26 Vdc 


IR 






l 


/!/Adc 




V R = 26 Vdc, T A = 150°C 








100 




Series Resistance 


V R = 6 Vdc, f - 50 MHz 


R S 




0.9 




Ohms 


Diode Capacitance 


V R = 6 Vdc, f = 1 MHz 




1.0 


2.1 


3.0 


pF 


Figure of Merit 


V R - 6 Vdc, f = 50 MHz 


Q 




1700 






Thermal Resistance 




e JC 






35 


°C/W 


FUNCTIONAL TEST 


RF Power Output 


Test Circuit Figure 5 

P in = 5 watts, f in = 2 GHz, 

f out = 6 GHz 


P out 


2 






Watts 


Tripling Efficiency 


V 


40 






% 
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Varactors 



1N5154, 1N5155 (continued) 



POWER OUTPUT 
versus OUTPUT FREQUENCY 



TYPICAL CHARACTERISTICS 
T c = 25°C 



FIGURE 1A- DOUBLING (X2) 




4 5 6 7 8 
f ou ,, OUTPUT FREQUENCY (GHz) 



FIGURE 2 - VARACTOR CAPACITANCE 
versus REVERSE VOLTAGE 



2 3 4 5 7 10 20 30 40 

V R , REVERSE VOLTAGE (Vdc) 



FIGURE 1B- TRIPLING (X3) 




2 3 4 5 6 7 8 
f ou ,, OUTPUT FREQUENCY (GHz) 



FIGURE 3 - TRIPLER POWER OUTPUT 
versus TEMPERATURE 
2 GHz to 6 GHz 



+2 
+ 1 

i o 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 
Tc.CASE TEMPERATURE ("0 



I 0.1 
<J 0.05 



FIGURE 1C- QUADRUPLING (X4) 















































































































: Pin = 3W = 




































1W 
































































































- 0.1 w — 

1 







0 1 2 3 4 5 6 7 8 9 10 
f oyf , OUTPUT FREQUENCY (GHz) 



FIGURE 4 - TRIPLER 
LINEARITY CHARACTERISTIC 



I I I 

TUNED AT P in = 3 W . 
fin = 2 GHz 
f out = 6 GHz 
R bi „ = 40 kfi 



1 1.5 2 2.5 3 3.5 4 4.5 5 
P in , POWER INPUT (WATTS) 
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1N5154, 1N5155 (continued) 



Varactors 



FIGURE 5 - HARMONIC TRIPLER - 2 GHz to 6 GHz 



INPUT CAVITY 



OUTPUT CAVITY 



INPUT 




VARACTOR 



1N5154 

OR 
1N5155 



IDLER 




.1 
7" 



OUTPUT 




0.01 0.05 0.1 0.5 1.0 

P,„, POWER INPUT (WATTS) 



OUTPUT CAVITIES 



JMC2954 



5 pF 1 5.6 kQ 




»- 
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Varacfors 



MV830 thru Mv840 



V R = 30 V 
l F = 250 mA 

Q = 15-35 (typ) @ V R = 4 V and f = 50 Mc 



CASE 51 

(DO-7) 



Polarity band on 
cathode end 




Silicon voltage- variable- capacitance diodes, de- 
signed for electronic-tuning applications from 15 to 
100 pf . 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


Vr 


30 


Volts 


Forward Current 


i f 


250 


mA 


Device Dissipation @ T A = 25°C 
Derate above 25°C 


*d 


400 
2.67 


mW 
mW/°C 


Device Dissipation @ T c = 25°C 
Derate above 25°C 


P D 


2 

13.3 


W 

mW/°C 


Junction Temperature 


t j 


+ 175 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 
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-Varactors- 



MV830 thru MV840 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) See Notes 



Characteristic - All Types 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


BV R 


I R = 10 fxAdc 


30 






Vdc 


Reverse Voltage Leakage Current 


to 


V R = 25 Vdc 






0.2 


U Adc 


Series Inductance 


L s 


f = 250 mc, L « 1/16" 




5 


10 


nhy 


Case Capacitance 


c c 


f = 1 mc, L = 0 




0.25 


0.3 


P* 



Device 


C T , Diode Capacitance 
V R =4Vdc,f=lmc 
Pf 


TR, Tuning Ratio 
f = lmc 
C4/C25 


Q, Figure of Merit 
V R = 4Vdc,f = 50mc 


a 


Min 


Typ 


Max 


Min 


Typ 


Min 


Typ 


Min 


Typ 


MV830 


13.5 


15.0 


16.5 


1.8 


2.00 


30 


35 


0.32 


0.375 


MV831 


16.2 


18.0 


19.8 


1.8 


2.00 


25 


30 


0.32 


0.375 


MV832 


19.8 


22.0 


24.2 


1.8 


2.10 


25 


30 


0.32 


0.40 


MV833 


24.3 


27.0 


29.7 


1.8 


2.10 


25 


30 


0.32 


0.40 


MV834 


29.7 


33.0 


36.3 


1.9 


2.12 


20 


25 


0.35 


0.41 


MV835 


35.1 


39.0 


42.9 


1.9 


2.12 


20 


25 


0.35 


0.41 


MV836 


42.3 


47.0 


51.7 


1.9 


2.15 


15 


20 


0.35 


0.415 


MV837 


50.4 


56.0 


61.6 


1.9 


2.15 


15 


20 


0.35 


0.415 


MV838 


61.2 


68.0 


74.8 


2.0 


2.18 


15 


20 


0.375 


0.425 


MV839 


73.8 


82.0 


90.2 


2.0 


2.18 


10 


15 


0.375 


0.425 


MV840 


90.0 


100.0 


110.0 


2.0 


2.18 


10 


15 


0.375 


0.425 



PARAMETER TEST METHODS 



1. L s , SERIES INDUCTANCE 

Ls is measured on a shorted package at 250 mc using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 
L = lead length. 

2. Co CASE CAPACITANCE 

Cc is measured on an open package at 1 mc using a capaci- 
tance bridge (Boonton Electronics Model 75A). 

3. c T , diode capacitance 

(Ct = Cc + Cj). C T is measured at 1 mc using a capacitance 
bridge (Boonton Electronics Model 33AS8). 

4. TR, TUNING RATIO 

TR is the ratio of C T measured at 4 Vdc divided by C T meas- 
ured at 25 Vdc. 



5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admit- 
tance bridge at the specified frequency and substituting in 
the following equations: 

p= 2rfC 

V G 

(Boonton Electronics Model 33AS8). 

6. «, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 

The diode capacitance, Ct (as measured at V* = 4Vdc, 
f = 1 mc) is compared to C T (as measured at V* = 30 Vdc, 
f = 1 mc) by the following equation which defines a. 

a _ 'og Ct(4) - log C T (30) 

a log 30 — log 4 
Note that a Ct versus V R law is assumed as shown in the 
following equation where Cc is included. 

c T =A- 

V 
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Varacfors 



mv1864A,B 



C T = 6.8 pf 
V R = 60V 
f co = 320 Gc 

P in = 5W* 



cathode^ 



cathode^ 



CASE 48 CASE 46 

MV1864A MV1864B 



Silicon voltage variable capacitance diode for elec- 
tronic tuning and harmonic generation applications. 



MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


60 


Volts 


Forward Current 


l F 


250 


mA 


RF Power Input * 


in 


5 


Watts 


Device Dissipation @ T A = 25° C 
Derate above 25° C 


P D 


500 
3. 33 


mW 

mW/°C 


Device Dissipation @ T c = 25° C 
Derate above 25° C 


P D 


2 

13. 3 


W 
mW/°C 


Junction Temperature 


T J 


+175 


°C 


Storage Temperature 


stg 


-65 to +200 


°c 



The RF power input rating assumes that an adequate heat sink is provided. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Reverse Breakdown Voltage 


BV R 


I R = 10 /iAdc 


60 


75 




Vdc 


Reverse Voltage Leakage Current 


! R 


V R = 48 Vdc 

V R =48 Vdc, T A = 75°C 






0. 5 
10. 0 


/iAdc 




Series Inductance 


L s 






0.4 


1 


nhy 


Case Capacitance 


c c 


f = 1 mc, L - 0 


0.2 


0.3 


0.4 


pF 


Diode Capacitance 


C T 


V R = 4 Vdc, f = 1 mc 


6. 1 


6. 8 


7.5 


pF 


Series Resistance 


R S 


V R = 4 Vdc, f = 100 mc 




0. 5 


0.9 


ohm 


Figure of Merit 


Q 


V R = 4 Vdc, f = 100 mc 
V R = 60 Vdc, f - 100 mc 


300 
1000 


400 
3200 






Cutoff Frequency 


f 

CO 


V R = 60 Vdc, f = 100 mc 




320 




gc 




Diode Capacitance Reverse Voltage Slope 


a 


V R = 4 Vdc, f = 1 mc 


0. 37 


0. 40 


0. 43 




Diode Capacitance Temperature Coefficient 


TC C 


V R = 4 Vdc, f = 1 mc 




200 


300 


ppm/°C 
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MV1864A, B (continued) 



Varactors 



DIODE CAPACITANCE versus REVERSE VOLTAGE 



























































T 


A = 2 

f = 


5°C 
mc 





































































































































































































































































































V Rl REVERSE VOLTAGE (VOLTS) 



FIGURE OF MERIT versus REVERSE VOLTAGE 
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\LIZE 
25°C 
100 


D T 

nc 


) C 


(V 


» = 4V) 









































































10 20 

V R , REVERSE VOLTAGE (VOLTS) 



PARALLEL EQUIVALENT FIGURE OF MERIT versus FREQUENCY 
DIODE ADMITTANCE versus FREQUENCY in4 , mn 




10 20 50 100 200 500 10 20 30 50 70 100 

f, FREQUENCY (mc) f. FREQUENCY (mc) 
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Varactors 



MV1892 V R = 700V 

l F = 4 A 
C T = 2.5 pf 

cathode connected to stud P sw = 500 W 

Silicon diode for switching high -power, RF signals. 
Particularly well suited as a replacement for mechanical 
antenna and coaxial relays. 
MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Reverse Voltage 


V R 


700 


Volts 


Forward Current 


! F 


4 


Amp 


RF Power Switching 
Capability 


P 

sw 


500 


Watts 


Total Device Dissipa- 
tion at or below 
75' C Case 
Temperature 


P D 


20 


Watts 


Above 75 C Derate 
Linearly 




0. 2 


w/°c 


Junction Temperature 


T J 


+175 


L, c 


Storage Temperature 


T 

stg 


-65 to +175 


°c 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Test Conditions 


Minimum 


Maximum 


Unit 


Reverse Breakdown Volt. 


BV R 


I R = 10 |iAdc 


700 




Vdc 


Series Resistance 
(See Note 1) 


R f 


I p = 100 ma; f = 1 kc 




0.62 


Ohms 


Diode Capacitance 


c T 


V R = 100 Vdc; f = 140 kc 




2. 5 


Pf 



NOTE 1. Laboratory measurements show that R f at 1 kc is within 15% of R. at 50 mc. 




TYPICAL VALUES 
@ V„ - 300 V 



50 75 
FREQUENCY - mc 



100 125 150 



INPUTS 
PORT V 



• BIAS PORT 1 



BIAS ISOLATION 
CAPACITOR 



BIAS _ 
MV1892 ISOLATION ' 
CAPACITORS 



. OUTPUT 
) PORT 1 




OUTPUT 
PORT 2 



BIAS PORT 2 



OFF-PORT ISOLATION vs FREQUENCY FOR SPDT SWITCH 



TYPICAL RF SWITCHING CIRCUIT 
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Varactors 

ADDITIONS AND MODIFICATIONS 
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Va ra cto rs 

ADDITIONS AND MODIFICATIONS 
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Vara ctors 

ADDITIONS AND MODIFICATIONS 
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INTEGRATED CIRCUITS 



I 



13-1 



Integrated Circuits 



For case outline dimensions, see page 1-186. 
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■ Integrated Circuits ■ 



DIGITAL INTEGRATED CIRCUITS 

TYPE NO. DESCRIPTION 
Current-Mode Logic 

MC300 Series High— speed current— mode logic series 
operating over a temperature range of 
-55°C to +125°C. 

MC350 Series High— speed current— mode logic series 
with an operating temperature range of 
0 to +75°C for commercial applications. 

Diode-Transistor Logic 

MC200 Series High— speed, low— power MDTL circuits 
operating over a temperature range of 
-55°C to +125°C. 



PAGE NO. 



13-58 



13-75 



13-4 



MC250 Series High— speed, low— power MDTL circuits 
with an operating temperature range of 
0 to +75 °C for commercial applications. 

Modified Diode-Transistor Logic 

MC830F Series MDTL circuits designed for use over the 
MC830G Series temperature range of 0 to +75° C. 

MC930F Series MDTL circuits designed for use over the 
MC930G Series temperature range of -55°C to +125°C. 

Resistor-Transistor Logic 

MC700G Series MRTL series operates over a temperature 
range of +15°C to +55° C. Includes milli- 
watt and medium power devices. 

MC800G Series General -purpose MRTL series operates 
over a range of 0 to +100° C. 

MC900G Series General -purpose MRTL series operates 
over a range of -55°C to +125°C. 

MC908 Series Milliwatt MRTL circuits operating over 
the temperature range of -55° C to +125°C. 

Variable-Threshold Logic 

MC650G Series MVTL allows designer to select noise 
immunity levels to suit application. 
Operates over a temperature range of 
0to+75°C. 
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13-152 



13-152 



13-102 



13-104 



13-104 



13-136 



13-92 
13-98 
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mc200 DTL series 



Integrated Circuits 




Monolithic integrated Diode Transistor Logic circuits 
for low-power, high-speed applications. The MC200 
series provides a high noise immunity of 0. 5 Volts 
and operates over the temperature range of -55 to 
+125 C. 



SERIES MC200 DTL INTEGRATED CIRCUITS 







Typical 
Propagation 
Delay 
(nsec) 


Maximum 
Power Dissipation 


Maximum 


Type 


Description 


Output Off 
(mW) 


Output On 

(mW) 


Fan Out 

(-55 to +125°C) 


MC201 


4 -Input N AND/NOR Gate 




30 


8. 5 


6 


5 


MC202 


3 -Input NAND/NOR Gate 




30 


8.5 


6 


5 


MC203 


6-Input Diode AND Gate 












MC204 


3 -Input Power NAND/NOR Gate 


40 


20 


60 


20 


MC205 


Line Driver 




50 


30 


60 


20(MC201) 
15(MC209) 


MC206 


Dual (2-2) Input NAND/NOR Gate 


30 


17 


12 


5 


MC207 


Dual (3-2) Input NAND/NOR Gate 


30 


17 


12 


5 


MC208 


Dual (3-2) Input NAND/NOR Gate 


30 


17 


12 


5 


MC209 


Flip- Flop 






16 


16 


8 


MC212 


Dual (3-3) Input NAND/NOR Gate 


30 


15 


12 


5 


MC213 


Dual (3-3) Input NAND/NOR Gate 


30 


15 


30 


4 


MC215 


Dual (3-3) Input AND Gate 












MC217 


Dual-Diode Array 
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Integrated Circuits 



MC2 
MC 



MC200 DTL SERIES 



iii 



4-Input and 3-Input Diode Transistor Logic N AND/ NOR Gates. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3,4,6 
V 5 

V 7 thru 10 


+ 8 
-8 

+6 


Volts 


Forward Current 


l 2 thru 10 


30 


mA 


Operating Temperature Range 


Tj 


-55 to +125 


°c 


Storage Temperature Range 


T stg 


-65 to +175 


°c 
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Integrated Circuits 

MC201, MC202 (continued) 



ELECTRICAL CHARACTERISTICS 



* (V& = 4 Vdc, V5 = 2 Vdc, Vi = 0, Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Saturation Voltage 
(I 3 = 10 mAdc, V~ ^ 1Q = 2 Vdc, 
Tj = -55 to +125°C) 


v 3 






0.6 


Vdc 


Output Breakdown Voltage 
U 3 - 1 jxauc, v i t 5 t 6 


BV 3 


8 






Vdc 


Output Sustaining Voltage 
(I 3 = 10 mAdc, Vi >5) 6 =0) 


LV 3 


5 


— 


— 


Vdc 


Output Leakage Current 
(V 7 = 0.7 Vdc, V 8 9 10 =2 Vdc, V 3 = 5 Vdc) 
(V7 = 0.7 Vdc, V 8 ' 9 ' 10 = 2 Vdc, V 3 = 5 Vdc, 
Tj - l^D Cj 


h 


— 


— 


0.5 
50 


/! Adc 


Input Diode Leakage Current** 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, aii other inputs = 0, 
T T = 125*0) 


l l thru 10 


— 


— 


0.25 
25 


/iAdc 


Turn-Off Current at Input'** 
( v 7 thru 10 = °) 

( y 7 thru 10 = °f T J = -55 to +125°C) 
(V 2 = 0) 


l l thru 10 
*7 thru 10 

h 


-1.4 
-1.6 


— 


-1.8 
-1.9 
-2.4 


mAdc 


Load Resistor Current 
(V 4 = 0) 




-1.6 




-2.4 


mAdc 


Output Capacitance 
(V 3 = 4 Vdc, = 25 mVrms, f = 1 mc, 
unused pins grounded) 


C 3 






15 


P* 


Input Capacitance** 

^7 thru 10 = 4 Vdc ' V in = 25 mVrms > f = 1 mc > 
unused pins grounded) 


C 7 thru 10 


— 


— 


8 


t)f 


Power Consumption from Power Supply 
(Output "Off", V7 = 0) 
(Output "On") 








8.5 
6.0 


mW 


Switching Time 
Turn-On Delay 
Turn- Off Delay 


^on 
fc off 






60 
50 


nsec 


Average Propagation Delay 


pd 




30 




nsec 


Fan-Out 
(Tj = -55 to +125°C) 


■n 






5 





* Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 

electrically open. 
** Input diode at pin 10 available on MC201 only 
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Integraied Circuits 

MC201, MC202 (continued) 



SWITCHING TIME TEST CIRCUIT 




PROPAGATION DELAY 
MEASUREMENT CIRCUIT 



AVERAGE t p<f PER STAGE : 



1/FREQ. OSC. 
2X NO. STAGES 

arcrc ^ 



SWITCHING TIME WAVE FORMS 



MC 



203 



MC200 DTL SERIES 



6- Input Diode Transistor Logic AND Gate. 



MAXIMUM RATINGS (Ta = 25°C) 



Characteristics 


Symbol 


bating 


Unit 


Applied Voltage 


^3 thru 8 
2, 9 


+8 
±8 


Vdc 


Forward Current 


l 2 thru 10 


30 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 



Numerical subscripts refer to pin numbers. 
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Integrated Circuits 

MC203 (continued) 



ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 



Characteristics 


Symbol Min Typ Max Unit 


Diode Breakdown Voltage 
ttsthruS' 10 "^ V 10 = V 1 = 0 ' 


V Vdc ' 
v 3thru8 

8 


Diode Forward Voltage 
(I 10 = 2mAdc,V 3thru8 = 0) 


V 1Q Vdc 
0.85 


Diode Reverse Leakage Current 

(V = 5 Vdr V - V - 0\ 
^3 thru 8 D Vac ' V 10 _ V l " U; 

(V 3 thru 8 = 5 Vdc ' V 10 = V 1 = °> V 125 ° C) 


t fi Adc 
3 thru 8 

0. 25 
25 


Input Capacitance 

(V 3thru8- 2Vdc '" V 10- V l- 0 ' f=lmc > 
V^ = 25 mVrms, unused inputs grounded) 


C 3 thru 8 pf 
10 

_ 


Reverse Recovery Time 

3 thru 8 " r R 3 thru 8 = 2 V 10 = V l = °> 

recover to 0.2 mAdc) 


Vr 3 thru 8 nsec 
4 




Resistor Current 
(V 9 = 4 Vdc, V 2 = 0) 


I g mAdc 
1.6 - 2.4 


Resistor Temperature Coefficient 


0.1 - %/°c 


Diode Forward Conductance Change with 
Temperature 


AV F 3 thru 8 " - 1 - 7 " mV/0C 



Numerical subscripts refer to pin numbers. 

Pins not specifically referenced are left electrically open. 
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MC203 (continued) 



Integrated Circuits 



CIRCUIT SCHEMATIC 



20 



-VNAr- 



-O 9 



1 0 



V- 3E 



0 0 

3 4 



o 

5 



0 

6 



o 

7 



-O 10 



0 

8 



6-D10DE "AND" GATE 



MC 



204 



MC200 DTL SERIES 



3-Input Diode Transistor Logic NAND/NOR Power Gate. 



MAXIMUM RATINGS (Ta = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


^3,7,8,9 

v 6 


+8 
-6 
+6 


Vdc 


Forward Current 


J 5 thru 10 


30 


mAdc 


Load Current 


13 


75 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


OC 



* Numerical subscripts refer to pin numbers. 
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Integrated Circuits 



MC204 (continued) 



ELECTRICAL CHARACTERISTICS 

(Vs = 4 Vdc, V5 = 2 Vdc, Vi = 0, Tj = 25°C unless otherwise noted) 



Characteristic 



Symbol 



Min 



Typ 



Output Breakdown Voltage 



"1" Output Currenti 



(V, 



7, 8, or 9 " 
7, 8, or 9 = 



-55 C C) 



"0" Output Current 
(V 

(V 

(V 



7, 8, org: 1 "' va, 

r 7. 8, or9 =1 - 3 VdC ' V 3 = 0.6Vdc, T J : 



7, 8, or 9 = 



= 0.6 Vdc) 
= 0.6 Vdc, 
= 0'.6 Vdc, Tj : 



125"C) 
-55 P C) 



Input Breakdown Voltage 



BV 7 

BV 8 
BV n 



8.0 
8.0 
8.0 



npul 
(V 7 


Leakage Cui 
= 5 Vdc, Vg 


= e o) 1 




lV 7 


- 5 Vdc, V g 


= o, 


T J 


< V 8 


- 5 Vdc, V ? 


= 0) 




< V 8 


= 5 Vdc, V ? 


= o, 


T J 


< V 9 


- 5 Vdc, V ? 


= 0) 




(V 9 


= 5 Vdc, V ? 


= o, 


T J 



- 125"C) 



Input Turn-Off Current 
(Alternately, V g V g 

(Alternately, V ? ' V g ' V g 



(V. 



10 



= 0) 



7, \ l 9 
7, ! 8, ! 9 



Output Capacitance 



Input Capacitance 
(V ? = 2.0 Vdc, V 

(V_ = 2.0 Vdc, V. 



: 25 mVrms, f = 1 mc, unused pins grounded) 
: 25 mVrms, f = 1 mc, unused pins grounded) 
: 25 mVrms, f = 1 mc, unused pins grounded) 



Power Supply 
(Output "OFF 

(Output "ON") 



Switching Times 
Turn-On Delay 

Turn-Off Delay 



Average Propagation Delay (Figure 2) 



Fan -Out 



Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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Iniegrafed Circuits 



MC204 (continued) 



CIRCUIT SCHEMATIC 



a 70 K- 

B 80 



C 9 



o 14- 



io O- 



-O 6 



-W- 




O 3 D 



POWER GATE MC204 



SWITCHING TIME TEST CIRCUIT 



PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGE t pd PER STAGE : 

* 



1/FREQ. OSC. 
2X NO. STAGES 
_ ^_ 



SWITCHING TIME WAVE FORMS 



mc205 


MC200 DTL SERIES 


lift 




s 


LINE DRIVER 




i! 







Diode Transistor Logic Line Driver. 



MAXIMUM RATINGS (Tj = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3, 4, 6 


+6 


Vdc 




V 5 


-6 






v 

v 8, 10 


+8 




Forward Current 


I 5,8, 10 


30 


mAdc 


Load Current 


*3, 4, 6 


75 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°C 


Storage Temperature Range 


T «. 
stg 


-65 to +175 


°C 
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Integrated Circuits 



MC205 (continued) 
ELECTRICAL CHARACTERISTICS 



* (V& = 4 Vdc, V 5 = 2 Vdc, Vi = 0, 
Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Saturation Voltage 
(L, = 40 mAdc, T T = -55°C to +125°C) 


V 3 






0.6 


Vdc 


Output Voltage, "Off" Level 
(I 3 = 10 mAdc, Vg = 0.7 Vdc, Tj = -55°C to +125°C) 


V 3 


2.0 


- 




Vdc 


Input Breakdown Voltage 
(I 8 = lOMdc, V 1Q = 0) 

10 flAQC, Vg =» U; 


BV 8 
BV 10 


8.0 
8.0 






Vdc 


Input Leakage Current 
(Vg = 5 Vdc, V 1Q = 0) 

(Vg = 5 Vdc, V 1Q = 0, Tj = 125- C) 

(V 10 = 5 Vdc, Vg = 0) 

(V 1Q = 5 Vdc, Vg = 0, Tj = 125" C) 


"8 

J 8 

'io 

>10 




- 
- 


0.25 
25 

0.25 
25 


f/Adc 


Turn-Off Current at Inputs 

(v 8 = o) 

(Vg = 0, Tj = -55to + 125 ; C) 
10 

t\r _ n tp — *~ . 125-"C^ 


'8 

h 

I 

'io 


- 
- 


- 


-3.75 
-3.9 

-3.9 


mAdc 


Load Resistor 


R 6-4 




125 




ohms 


Input Capacitance 
(Vg = 2 Vdc, V^ = 25 mVrms, f = 1 mc, unused pins grounded) 

(V 10 = 2 Vdc, V. n = 25 mVrms, f = 1 mc, unused pins grounded) 


C 8 
C 10 


- 


- 


10 
10 


Pf 


Power Consumption from Power Supply 
(Output "Off", Vg = 0) 

(Output "On") 




- 




30 
60 


mW 


Switching Times 
Turn-On Delay 

Turn-Off Delay 


t 

on 
l off 


- 


- 


90 
50 


nsec 


Average Propagation Delay 
(C L = 1000 pf) 






50 




nsec 


Fan-Out 

(to JtfC201, Tj = -55 to + 125" C) 
(to MC209, Tj = -55 to + 125 C C) 


n 






20 
15 





Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 



SWITCHING TIME TEST CIRCUIT 



PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGE t pd PER STAGE : 

» r. 



1/FREQ.0SC. 
2X NO. STAGES 



SWITCHING TIME WAVE FORMS 
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MC205 (continued) 



Integrated Circuits 



CIRCUIT SCHEMATIC 



O M- 



-w- 



< 



-O 6 



-O 3 



LINE DRIVER MC205 



MC 



206 



MC200 DTL SERIES 




Dual (2-2) Input Diode Transistor Logic NAND/NORGate. 
MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2,3,4,6 thru 10 
V 5 


+8 
-8 


Vdc 


Forward Current 


! 2,10 

h thru 4, 
7 thru 10 


+30 
-30 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 




CIRCUIT SCHEMATIC 




X — ►f- 



-O 5 




2-2 NAND/NOR GATE 
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Integrated Circuits 



MC206 (continued) 

ELECTRICAL CHARACTERISTICS 



* (V6 - 4 Vdc, Vs = 2 Vdc, Vi = 0, 
Tj z= 25 °C unless otherwise noted) 



Characteristic 



Symbol Min Typ Max Unit 



Output Breakdown Voltage 
(I, - 1 /iAdc, V 3 - 0) 
(I* Q = 1 ^Adc, V 7 = 0) 



"1" Output Current 
(V, -1.1 Vdc, V, = 5 Vdc 
(V„ = 0.7 Vdc, V„ = 5 Vdc, Tj = +125°C) 
(V, = 1.4 Vdc, V 9 = 5 Vdc, T = -55°C) 
(V, = 1.1 Vdc, vf 0 = 5 Vdc) J 
(v' = 0.7 Vdc, Vi" = 5 Vdc, T. . 125°C) 
(y!j = 1.4 Vdo, Vjp = 5 Vdc, Tj = -55°C) 



50 
50 
50 
50 
50 
50 



"0" Output Current 
(V~ = 1.7 Vdc, V„ - 0.6 Vdc) 
(y* = 1.3 Vdc, V, « 0.6 Vdc, T = 125°C) 
(V, = 2.0 Vdc,' V, = 0.6 Vdc, T, = -55°C) 
(V, = 1.7 Vdc, V, n = 0.6 Vdc) 



(V* = 1.3 Vdc, V:" = 0.6 Vdc, T = 125° C) 
(y!j = 2.0 Vdc, vjjj = 0.6 Vdc, Tj « -55° C) 



Input Breakdown Voltage 
(I„ = 10 fiAdc, V, = 0) 
(I* = 10 j/Adc, V* o 0) 
(i: = 10 |/Adc, V« = 0) 
(Iq = lO^Adc, V° = 0) 



Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 

(DiOuc UFiueF teat at 5 VuC, all OthcF iiipuiS = 0, 



Input Turn-Off Current 
(Alternately V„, V 4 , V 7 , V R = 0) 

(Alternately Vg, V*,. V.J, V° = 0, T = -55 to +125 °C) 



-1.8 
-1.9 



Output Capacitance 
(V 2 = 2.0 Vdc, V3 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(V 10 = 2.0 Vdc, Vrj = 0, V. = 25 mVrms, f = 1 mc, unused pins grounded) 



Input Capacitance 

(Vg = 2 Vdc, V. =25 mVrms, f = 1 mc, unused pins grounded) 

(V 4 = 2 Vdc, V m = 25 mVrms, f = 1 mc, unused pins grounded) 

(V ? = 2 Vdc, V^ = 25 mVrms, f = 1 mc, unused pins grounded) 

(Vg = 2 Vdc, v!^ = 25 mVrms, f = 1 mc, unused pins grounded) 



Load Resistor Current 

(v 9 = °) 



Power Consumption from Power Supply 
(Output "Off", V„ = V„ = 0) 
(Output "On") J ' 



Switching Times 
Turn-On Delay 
Turn-Off Delay 



60 
50 



Average Propagation Delay 



tpd 



Fan-Out 
(Tj = -55 to +125°C) 



Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 



SWITCHING TIME TEST CIRCUIT 




PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGER PER STAGE- ^TOES 
— fc. K — 


OUTPUT 



| SWITCHING TIME WAVE FORMS 


















































A 




























1.5 






















-A- 








































1.5V 
B 




/ 










1.5V — N 








/ 












I ! 
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■ Integrated Circuits ■ 



mc207 



MC200 DTL SERIES 




Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol Rating Unit 


Applied Voltage 


Vdc 

V 2, 3,4,6 thru 10 +8 
V 5 -8 


Forward Current 


mAdc 

I 2> io +30 

l 2 thru 4, " 30 
7 thru 10 


Operating Temperature Range 


Tj -55 to +125 °C 


Storage Temperature Range 


T gtg -65 to +175 °C 


CIRCUIT SCHEMATIC 



6 Q 




-W — W- 



-M — N- 



-O 5 



3-2 NAND/NOR GATE 



SWITCHING TIME TEST CIRCUIT 



TEKTRONIX 
581 
OSCILLOSCOPE 
OR 

EQUIVALENT 



Ia bT 



PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGE t pd PER STAGE _ 

^. — fet 


OUTPUT 



UNIT UNDER TEST 



SWITCHING TIME WAVE FORMS 



5U X 
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MC207 (continued) 



Integrated Circuits 



ELECTRICAL CHARACTERISTICS * 



( V 0 — 4 Vdc, V.-, — —2 Vdc, Vi = 0, T.i - 25"C unless otherwise noted l 



Characteristic 


Symbol 


Min 


Typ 


Mai 


Unit 


Output Breakdown voltage 










Vdc 


— l llAQC, Vg — V) 


BV 2 


g 








(1. = 1 n 4Hr> v~ - 

UlO 1 /iAac, v 7 - uj 


BV 10 


8 








"1" Output Current 












(V 3 = 1.1 Vdc, V 2 = 5 Vdc 


h 


— 





50 




(V 3 = 0.7 Vdc, V 2 = 5 Vdc, Tj = 125°C) 


h 


— 


— 


50 




(Vn =14 VHp Vn - R Vrir> T — 1'iPc\ 


l 2 










l\T_ - 1 1 vrif Vm - S Vdrl 


^0 






50 




(V7 = 0.7 Vdc, V10 = 5 Vdc, Tj = 125°C) 


Tin 
A 10 






50 




(Mr, = 1 4 Vrif Vm = 5 Vdr T » = _ e »'=i 0 r^^ 


T, - 

*10 






50 




"0" Output Current 










jiAdc 


(V 3 = 1.7 Vdc, V 2 = 0.6 Vdc) 


h 


10 


— 


— 




(V3 = 1.3 Vdc, V 2 = 0.6 Vdc, Tj = 125°C) 


h 


10 








\v 3 — Vac, V2 u.o vac, ij = -do 


l 2 


10 








(V7 = 1.7 Vdc, V 10 = 0.6 Vdc) 


ho 


10 





' 




(V 7 = 1.3 Vdc, V 10 = 0.6 Vdc, Tj = 125°C) 


ho 


10 


— 


— 




/v_ - 9 n vrtn Via - n fi VHr» t - _5s°rM 

\» 7 ~ vuc, » Jo — »UU, IT — -OO Ks) 


ho 


10 








Input Breakdown Voltage 










Vdc 


(I 3 = 10 /xAdc, V 4 = 0) 


BVo 


8 


— 


— 




(1 A = 10 l/Arfo Vn - 

\I 4 /ZxMlC, V 2 — V// 


BV 4 










= in 11 AHr> Vn = en 

\ln 1U flnUL, Vg 


BV ? 


g 








(I 8 = 10 MAdc, V 7 = 0) 


BV 8 


8 










(I 9 = 10 /iAdc, V 7 = 0) 


BV 9 


8 


— 






input JLeaicage current 


T T T T T 








li c 


(Diode under test at 5 Vdc, all other inputs ~ 0) 






0 250 




(Diode under test at 5 Vdc, all other inputs = 0, Tj = 125°C) 








25 




Input Turn-Off Current 


I 3' I 4' I 7' I 8« I 9 








mAdc 


(Alternately V 3 , V 4 , V 7 , Vg, V 9 = 0) 


— 


— 


-1.8 




( Altei-nnfolv V- V Vi, V- V„ = fl T - R*5 tr\ + ^'>xPc\ 

V/viicrn<i[ciy » 3 , v^, » 7 , "g> "9 u, ij — iu T i£o 








-1.9 




Output Capacitance 










P* 


(V 2 = 2.0 Vdc, V 3 = 0, V in = 25 mVrms, f = 1 mc, unused pins grounded) 


C 2 


— 


— 


10 




(V^q = 2*0 VdCj ^7 = Vjjj — 25 mVrms , f ~ 1 mc , unused puis grounded) 


C 10 






10 




Input Capacitance 










P* 


(V 3 = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 


C 3 


— 


— 


10 




(V4 = 2 Vdc, V m = 25 mVrms, f = 1 mc, unused pins grounded) 


C 4 






10 




(V 7 = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 


c? 


— 


— 


10 




(Vg = 2 Vdc, Vj n = 25 mVrms, f = 1 mc, unused pins grounded) 


C 8 






10 




(Vg = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 


C 9 


— 


— 


10 




Power Consumption from Power Supply 










mW 


(Output "Off", V 3 = V 7 = 0) 








17 




(Output "On") 








12 




Switching Times (Figure 2) 










nsec 


Turn-On Delay 


ton 






60 




Turn-Off Delay 


"wff 






50 




Average Propagation Delay (Figure 3) 


«* 




30 




nsec 


Fan-Out 


n 










(Tj = -55 to+125°C) 








5 





Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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Integrated Circuits - 

Mc208 MC200 DTL SERIES 



Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 



MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2, 3,4,6 thru 10 
V 5 


+ 8 
-8 


Vdc 


Forward Current 


^,10 

h thru 4, 
7 thru 10 


+ 30 
-30 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°c 


Storage Temperature Range 


T stg 


-65 to +175 


°c 



CIRCUIT SCHEMATIC 
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Integrated Circuits 



MC208 (continued) 

ELECTRICAL CHARACTERISTICS 



* (V6 = 4 Vdc, Vs = 2 Vdc, Vi = 0, 
Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Breakdown Voltage 












Vdc 


(I 2 = 1 MAdc, V 3 = 0) 


BV2 




8 


— 


— 




(I 10 = 1 MAdc, V7 = 0) 


BV 1Q 




8 








Output Saturation Voltage 












Vdc 


(I 2 = 8 mAdc, V 3 - V 4 = 2 Vdc, Tj = -55 to +125°C) 


v 2 




— 


— 


0.6 




(I 10 = 8 mAdc, V 7 - V 8 =■ V 9 = 2 Vdc, Tj = -55 to + 125°C) 


V 10 




— 


— 


0.6 




Output "Off" Voltage 












Vdc 


(I9 = 100 MAdc, Vg = 0.7 Vdc, Tj = -55 to +125°C) 


v 2 




3.5 








(I 10 = 100 MAdc, V7 = 0.7 Vdc, Tj = -55 to+125°C) 


VlO 




3.5 


— 


— 




Input Breakdown Voltage 












Vdc 


(I3 = 10 jiAdc, V4 = 0) 


BV 3 




8 








(I 4 = 10 MAdc, V 3 = 0) 


BV 4 




8 


— 


— 




(I7 = 10 /uAdc, V 8 = 0) 


BV7 




8 


— 


— 




(I 8 = 10' MAdc, V 7 = 0) 


BV 8 




8 








(I 9 = 10 MAdc, V7 = 0) 


BVg 




8 








Input Leakage Current 












MAdc 


(Diode under test at 5 Vdc, all other inputs = 0) 






— 


— 


0.250 




(Diode under test at 5 Vdc, all other inputs = 0, Tj = 125°C) 










25 




Input Turn-Off Current 


I 3 , 14,17,13 










mAdc 


(Alternately V 3 , V 4 , V 7 , V 8 , Vg = 0) 






— 


— 


-1.8 




(Alternately V 3 , V4, V 7 , V 8 , V 9 = 0, Tj = -55 to + 125°C) 






— 


— 


-1.9 




Output Capacitance 












P* 


(V 2 = 2.0 Vdc, V 3 = 0, V m = 25 mVrms, f = 1 mc, unused pins grounded) 


C 2 








10 




(V10 = 2.0 Vdc, V 7 = 0, V in = 25 mVrms, f = 1 mc, unused pins grounded) 


C 10 




— 


— 


10 




Input Capacitance 












P* 


(V 3 = 2 Vdc, V^ = 25 mVrms, f = 1 mc, unused pins grounded) 


c 3 








10 




(V4 = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 






— 


— 


10 




(V7 = 2 Vdc, V in = 25 mVrms, f = L mc, unused pins grounded) 


C 7 




— 


— 


10 




(V 8 =.2 Vdc, V m = 25 mVrms, f = 1 mc, unused pins grounded) 


c 8 




— 


— 


10 




(Vg = 2 Vdc, V^ = 25 mVrms, f = 1 mc, unused pins grounded) 


C9 








10 




Power Consumption from Power Supply 












mW 


(Output "Off", V 3 = V 7 = 0) 






— 


— 


17 




(Output "On") 






— 


— 


30 




Switching Times 












nsec 


Turn-On Delay 


W 








60 




Turn-Off Delay 


*off 








50 




Average Propagation Delay 


tpd 




30 




nsec 


Fan-Out 


n 












(Tj - -55 to+ 125°C) 










4 





Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 



SWITCHING TIME TEST CIRCUIT 



51 "l 



TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 

r> — ii 



UNIT UNDER TEST 



SWITCHING TIME WAVE FORMS 

































A- 




1.5 




















n 































PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGE t pd PER STAGE = ™ S S S 


OUTPUT 




^ ^ 7 STAGES ^ 
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■ Integrated Circuits ■ 



AAC 



209 



MC200 DTL SERIES 



Oil 



Diode Transistor Logic Flip-Flop. 



MAXIMUM RATINGS (Tj = 25 °C unless otherwise noted) 



Characteristic 


Symbol Rating Unit 


Applied Voltage 


Vdc 

^2, 3,4,6,7,8, 9,10 +& 
V 5 -o 


Forward Current 


mAdc 

I 3 , 8 +50 
*2» 3' 4' 7 thru 10 ~ 30 


Operating Temperature Range 


Tj -55 to +125 °C 


Storage Temperature Range 


T , -65 to +175 °C 
stg 



SWITCHING TIME TEST CIRCUITS AND WAVE FORMS 



CLOCKED SET-RESET MODE 



DATA PULSE 

106 OR 
EQUIVALENT 



POSITIVE 
PULSE 



>50 S> 10 



MC209 
UNDER 
TEST 



INPUT VOLTAGE TO 
^ OSCILLOSCOPE 
TEKTRONIX 581 
220 J] ° R EQUIVALENT 
— o +4 V 
220 n 



DIRECT SET-RESET MODE 



INPUT VOLTAGE TO 





PULSE 
POSITIVE 


? 9 t 7 


TEKTRONIX 581 
OR EQUIVALENT 












PULSE 
GENERATOR 
DATA PULSE 

106 OR 
EQUIVALENT 




1 L 

r s2 0 10 


MC209 
UNDER 
TEST 


8 | 220 j) 
4— o +4 V 

6 < 220 u 




4" 0 1 




3 




1 DELAY 1 


il ^4 
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Integrated Circuits 



MC209 (continued) 

ELECTRICAL CHARACTERISTICS 

* (V6 = 4 Vdc, Vs = 2 Vdc, Vi = 0, Tj = 25°C unless otherwise noted) 



Characteristic 


Logic 
Symbol 


Logic 
State 


Symbol 


Min 


Typ 


Max 


Unit 


OUTPUT LEVEL 

"Off" Voltage 
(I 8 = -200 /iAdc, V 4 = 0.6 Vdc, V 7 = 2.0 Vdc) 
(I 3 = -200 /iAdc, V 4 = 2.0 Vdc, V 7 = 0.6 Vdc) 

"On" Voltage 
(I 8 = 16 mAdc, V 4 = 2.0 Vdc, V ? = 0.6 Vdc) 
(I 3 = 16 mAdc, V 4 = 0.6 Vdc, V 7 = 2.0 Vdc) 


Q 

Q 
Q 


l 
l 

0 
0 


v 8 
V 3 

v 8 
V 3 


2.5 
2.5 




0.6 
0.6 


Vdc 
Vdc 

Vdc 
Vdc 


DIRECT SET-RESET INPUTS 
"Up" Voltage 

"Down" Voltage 

"Up" Current 

(V 4 = 5 Vdc, Tj = 125°C) 

(V 7 = 5 Vdc, Tj = 125°C) 
"Down" Current 

(V 4 = 0) 

(V 7 = 0) 


s D 

R D 

s D 

R D 

S D 
R D 

Sd 

R D 


1 
1 

0 
0 

1 

1 

0 
0 


V 4 
V 7 

v 4 

h 
h 

h 
h 


2.0 
2.0 

— 


— 
— 


0.6 
0.6 

25 
25 

-1.8 
-1.8 


Vdc 
Vdc 
Vdc 
Vdc 

/iAdc 
/iAdc 

mAdc 
mAdc 


CLOCKED SET-RESET INPUTS 
"Down" Current 

( v 9» 10 °» T J 25 c ' 
< v 2> 10 =0,T r 25°C) 
Effective Clock Input Capacitance 


R C 

R c 


0 
0 


J? 

c 10 


— 


— 

75 


-1.4 
-1.4 


mAdc 


o WITCHING TIME 

Clocked Set-Reset Mode 

Turn-On Delay 

Turn- Off Delay 
Direct Set-Reset Mode 

Turn- On Delay 

Turn- Off Delay 






*on 
Wf 

ton 
toff 






100 

75 

100 

75 


nsec 
nsec 

nsec 
nsec 


FAN-OUT 






n 






8 




POWER CONSUMPTION 










16 




mW 



Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 



CIRCUIT AND LOGIC DIAGRAMS 




-W 1 i — w 





CL0CKE0 SET-RESET 


DIRECT SET-RESET 


Sc 


Rc 


Q 


Sd 


Ro 


Q 


0 


0 




0 


0 




0 




1 


0 


1 


1 


1 


0 


0 


1 


0 


0 


1 


1 


No 
Change 


1 




No 
Change 



•BOTH Q and Q IN 1 STATE UNTIL EITHER So OR Ro RISES 



BINARY ELEMENT MC209 
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■ Integrated Circuits • 



MC 



212 



MC200 DTL SERIES 




Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2 thru 10 


+ 8 


Vdc 


Forward Current 


^,10 

h thru 5, 
7 thru 10 


+30 
-30 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°c 


Storage Temperature Range 


T stg 


-65 to +175 


°c 



SWITCHING TIME TEST CIRCUIT 



"1 



TEKTRONIX 
110 
PULSE 
GENERATOR 






TEKTRONIX 
581 
OSCILLOSCOPE 
OR 

EQUIVALENT 


OR 

EQUIVALENT 






1 A 8 1 



PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGE t pd PER STAGE - ^STAGES 

h. .IN. 


OUTPUT 




pl " 7 STAGES ^ 



UNIT UNDER TEST 



SWITCHING TIME WAVE FORMS 



-1 
- i 



CIRCUIT SCHEMATIC 




-w — *■ 



M N 



G = ABC H = DEF 

3-3 NAND/NOR GATE 



1 



1 

I 10 H 
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— — Integrated Circuits 

MC2 12 (continued) 



ELECTRICAL CHARACTERISTICS :|: (V& = 4 Vdc, Vi = 0, Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Breakdown Voltage 










Vdc 


^2 /1AQC, V 3 - 


t3V 2 


g 








Uio ~ 1 MAac, V7 - u; 


BV 10 


g 








1 Output Current 










/iA C 


^vq 1.1 vac, vo — 0 vat. 


T- 

l 2 






50 




(V 3 = 0.7 Vdc, V 2 = 5 Vdc, Tj = 125°C) 


h 


— 





50 




(V 3 = 1.4 Vdc, V 2 = 5 Vdc, Tj = -55°C) 


h 


— 


— 


50 




\V 7 — l.l VaC, v^q - o vac; 


ho 










\V 7 — u. < vac, v ]_q = 0 vac, ij — 1^0 c; 


*10 










(vq - 1.4 vac, V \q - 0 vac, ij - -00 c; 


J 10 






50 




0 Output Current 










mAdc 


IV 3 = 1. • VaC, V 2 - U.D Vac; 


T 


10 








(V3 = 1.3 Vdc, V 2 = 0.6 Vdc, Tj = 125°C) 




10 










(V 3 = 2.0 Vdc, V 2 = 0.6 Vdc, Tj = -55°C) 


h 


10 


— 


— 




^V7 — !• • VOL, "in U.D VUC/ 


ho 


10 








(V 7 = 1.0 vac, v\q - u.o vac, 1 j- i<so c; 


ho 










(V 7 = 2.0 Vdc, V 10 = 0.6 Vdc, Tj = -55°C) 


ho 


10 










Input Breakdown Voltage 










Vdc 


\Lo 1U UAaC, V 4 — 


BV 3 


g 








(I 4 = 10 jiAdc, V 3 = 0) 


BV 4 


8 




— 




(I 5 = 10 nAdc, V 3 = 0) 


BV 5 


8 


— 


— 




Vly — 1U (1AUL, V g — v/ 


BV7 


g 








VlQ Xv fI/\Ul/, V 7 


£JVq 


g 








(I 9 = 10 jiAdc, V 7 = 0) 


BVg 


8 


— 


— . 




Input Leakage Current 


T„ T „ T T_ I. T_ 








" 

/iA C 


(Diode under test at 5 Vdc, all other inputs = 0) 






0.250 




' fT\ir\A£i itn^nv + r»ci + of f\ \TAf\ oil nfhfll* irkv-tllfa = Ci T 1 — 19R^I^\ 

vJJioae unaer test ai o v ac , «ni otner inputs - u , i j = i &o ; 








25 




Input Turn— Off Current 


T„ T . T_ T„ T„ T„ 








Ad 
m c 


^ Alternately v 3 , v 4 , vg, v 7 , Vg, vg — vj 






1 8 




(Alternately V 3 , V 4> Vg, V ? , V 8 , Vg = 0, Tj = -55 to +125°C) 










-1.9 




Output Capacitance 










pf 


(V 2 = 2.0 Vdc, V 3 = 0, V m = 25 mVrms, f = 1 mc, unused pins grounded) 


C 2 


— 


— 


10 




(V^Q = 2.0 Vdc, V 7 = 0, Vjn = 25 mVrms, f = 1 mc, unused pins grounded) 


10 






10 




Input Capacitance 










p f 


(V 3 = 2 Vdc, V£ n = 25 mVrms, f = 1 mc, unused pins grounded) 




— 


— 


10 




(V 4 = 2 Vdc, Vjjj = 25 mVrms, f = 1 mc, unused pins grounded) 








10 




(V5 = 2 Vdc, V m = 25 mVrms, f = 1 mc, unused pins grounded) 




— 


— 


10 




(V7 = 2 Vdc, Vj^ = 25 mVrms, f = 1 mc, unused pins grounded) 


c 7 


— 


— 


10 




(Vg = 2 Vdc, Vjjj = 25 mVrms , f = 1 mc, unused pins grounded) 


c 8 






10 




(Vg = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 


C 9 






10 




Power Consumption from Power Supply 










mW 


(Output "Off", V 3 = V 7 = 0) 








15 




(Output "On") 








12 




Switching Times (Figure 2) 










nsec 


Turn-On Delay 


ton 






60 




Turn-Off Delay 








50 




Average Propagation Delay (Figure 3) 






30 




nsec 


Fan-Out 


n 










(Tj = -55 to+125°C) 








5 





Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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• Integrated Circuits ■ 



mc213 



MC200 DTL SERIES 




Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 



MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2 thru 10 


+ 8 


Vdc 


Forward Current 


^,10 

l 2 thru 5, 
7 thru 10 


+ 30 
-30 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


°c 


Storage Temperature Range 


T stg 


-65 to +175 


°c 



CIRCUIT SCHEMATIC 




f 9 O ^ 



G = ABC H = CDE 

3-3 NAND/NOR GATE 
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Integrated Circuits 



MC2 13 (continued) 

ELECTRICAL CHARACTERISTICS (V* = 



: 4 Vdc, Vi = 0. Tj _ 25 °C unless otherwise noted) 



Characteristic 



Symbol 



Min Typ Max Unit 



Output Breakdown Voltage 
(I 2 = 1 /iAdc, V 3 = 0) 
(I 10 = 1 /iAdc, V 7 = 0) 



Output Saturation Voltage 
(I 2 = 8 mAdc, V, = V 4 - V 5 
(I 10 = 8 mAdc, V 7 = Vg = V 9 



= 2»Vdc, Tj = -55 to +125°C) 
= 2 Vdc, Tj = -55 to + 125°C) 



Output "Off" Voltage 
(I 2 = 100 /iAdc, V 3 = 0.7 Vdc, Tj = -55 to +125°C) 
(I 10 = 100 ^Adc, V 7 = 0.7 Vdc, Tj = -55 to +125°C) 



Input Breakdown Voltage 
(I 3 = 10 /iAdc, V 4 = 0) 
(I 4 = 10 /iAdc, V 3 = 0) 
(I 5 = 10 /iAdc, V 3 *= 0) 
(I 7 = 10 /iAdc, V 8 = 0) 
(I 8 = 10 /iAdc, V 7 = 0) 
(I 9 - 10 /iAdc, V 7 = 0) 



BV 7 

bv 8 
bv q 



Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, r 



125°C) 



Input Turn-Off Current 
(Alternately V 3 , V 4 , V 5 , 
(Alternately V 3 , V 4 , V 5 , 



v 7 . v 8 

v 7 , v 8 



+ 125 U C) 



Output Capacitance 
(V 2 = 2.0 Vdc, V 3 = 0, V m 
(V 1Q = 2.0 Vdc, V 7 = 0, V h 



■ 25 mVrms, f = 1 mc, unused pins grounded) 
= 25 mVrms, f = 1 mc. unused pins grounded) 



Input Capacitance 

(V 3 = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 

(V 4 = 2 Vdc, V in = 25 mVrms, f =lmc, unused pins grounded) 

(V 5 = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 

(V 7 = 2 Vdc, V^ = 25 mVrms, f = 1 mc, unused pins grounded) 

(V 8 = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 

(Vg = 2 Vdc, V in = 25 mVrms, f = 1 mc, unused pins grounded) 



Power Consumption from Power Supply 



(Output "Off", V 3 
(Output "On") 



0) 



Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 



Average Propagation Delay (Figure 3) 



Fan-Out 
(Tj = -55 to+125°C) 



Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 



SWITCHING TIME TEST CIRCUIT 



TEKTRONIX 
581 
OSCILLOSCOPE 
OR 

EQUIVALENT 



PROPAGATION DELAY 
MEASUREMENT CIRCUIT 




AVERAGE t p<i PER STAGE = ™ S S S 


OUTPUT 




^ ^ 7 STAGES ^ 



UNIT UNDER TEST 



51 H ^ 



4^ 



SWITCHING TIME WAVE FORMS 



-1' 
- i 



















-A- 




1.5 
































1.5V 












1 1 
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MC 



215 



MC200 DTL SERIES 




Dual (3-3) Input Diode Transistor Logic AND Gate. 



MAXIMUM RATINGS (Ta=25°C) 



Characteristics 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2, 3, 7 thru 10 
V 6 


+ 8 
±8 


Vdc 


Forward Current 


l 2 thru 10 


±30 


mAdc 


Operating Temperature Range 


t j 


-55 to +125 


°C 


Storage Temperature Range 


T + 
stg 


-65 to +175 


°C 



CIRCUIT SCHEMATIC 



10 



5 O- 



11 11 



O O 

7 8 



6 0 

9 10 
DUAL "AND" GATE 



O 4 



it n 



6 

2 



6 

3 
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Integrated Circuits 

MC2 15 (continued) 

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Diode Breakdown Voltage 

(I 2, 3, io" 10 ^' V 4 = V 1= 0) 


V 2, 3, 10 


8 






Vdc 


(I 7, 8, 9 = 10^dc, V 5 = Vl =0) 


V 7, 8, 9 


8 








Diode Forward Voltage 

(I 4 = 2mAdc, V 2j 3> 10 = Vl =0) 


V 4 


- 


- 


0.85 


Vdc 


(I 5 = 2mAdc, V 7; 8> 9 = V 1 = 0) 


V 5 


- 


- 


0.85 




Diode. Reverse Leakage Current 
< V 2, 3, 10 = 5Vdc ' V 4 = V 1 = 0) 


\ 3, 10 


- 


- 


0.25 


/iAdc 


(V 2, 3, 10 = 5 Vdc > V 4 " V l " °> T J " 125 ° C > 








25 




(V 7, 8, 9 = 5Vdc > V 5 = V 1=°> 


\ 8, 9 


- 


- 


0.25 




(V 7, 8, 9 " 5 Vdc > V 5 = V l " °< T J " 125 ° C > 








25 




Input Capacitance 

(V 2, 3, 10 = 2 Vdc > V 4 - V l " °' f " 1 mc > 


C 2, 3, 10 


- 


- 


10 


Pf 


V m = 25 mVrms, unused inputs grounded) 












(V 7, 8, 9 = 2Vdc > V 5" V l-°> f=lmc ' 


C 7, 8, 9 


- 


- 


10 




= 25 mVrms, unused inputs grounded) 












Reverse Recovery Time 

(I F2, 3, 10 = ha, 3, 10 = 2 m * dc ' V 4 " V l = °> 


*rr2, 3, 10 






4 


nsec 


recover to 0.2 mAdc) 












(l-cr? o n = It^h o n = 2 HlAdC. V c - V- ■ 0. 

v F7, 8, 9 Tt7, 8, 9 '51* 


t rr o « 

rr7, 8, 9 






4 




recover to 0.2 mAdc) 












Resistor Isolation Leakage 
(Vg = 5 Vdc, V 4 = Vg = 0) 








600 


nAdc 


Resistor Current 

(V 6 = 4Vdc, V 4 = V 1 -0) 


h 


1.6 




2.4 


, mAdc 


(V 6 = 4 Vdc, V 5 = V 1 = 0) 


h 


1.6 




2.4 




Resistor Temperature Coefficient 






0.1 






Diode Forward Conductance Change with 
Temperature 


AV F2, 3, 10 
AV 

AV F7, 8, 9 




-1.7 
-1.7 




mV/°C 



Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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MC 



217 



MC200 DTL SERIES 



Diode Transistor Logic Dual- Diode Array. 



MAXIMUM RATINGS (Ta = 25°) 



Characteristics 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2, 3, 7 thru 10 


8 


Vdc 


Forward Current 


l 2 thru 5, 7 thru 10 


30 


mAdc 


Operating Temperature Range 


T J 


-55 to +125 


OC 


Storage Temperature Range 


stg 


-65 to +175 





CIRCUIT SCHEMATIC 



5 O 



J- 0 



6 

8 



6 6 

9 2 



6 

3 



f O 4 



6 

10 



DUAL DIODE ARRAY 
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Integrated Circuits 

MC2 17 (continued) 

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Diode Breakdown Voltage 

(I 2, 3, io-M^Adc, V 4 = V 1 = 0) 


V 2, 3, 10 


8 






Vdc 


(I- 9 -10MAdc, V, = V, = 0) 

'j °> " OX 


V 7, 8, 9 


8 








Diode Forward Voltage 

(I 4 = 2mAd C> V 2> 3> 10 = V 1 = 0) 


V 4 


- 


- 


0.85 


Vdc 


(I 5 = 2mAdc, V 7> 8> 9-Vj-O) 


V 5 


- 


- 


0.85 




Diode Reverse Leakage Current 
< V 2, 3, 10 = 5Vdc, V 4 = Vl =0) 


\ 3, 10 


- 


- 


0.25 


MAdc 


< V 2, 3, 10 = 5Vdc ' V 4 -V 1 -0, Tj-WPC) 








25 




< V 7, 8, 9 = 5VdC > V 5 =V 1 = °> 


\ 8, 9 


- 


- 


0.25 




< V 7, 8, 9 = 5VdC ' Vg-Vj-O.Tj-12500 








25 




Input Capacitance 

(v 2, 3, 10 = 2vdc > v r v r°' £ - lmc ' 


C 2, 3, 10 


- 


- 


10 


Pf 


V in = ^ mVrms, unused inputs grounded) 












(V 7, 8, 9 " 2 Vdc > V 5 = Vj = 0, f = 1 mc,' 


C 7, 8, 9 


- 


- 


10 




V in = ^ mVrms, unused inputs grounded) 












Reverse Recovery Time 

(I F2, 3, 10 - ^2, 3, 10 " 2 mAdc ' V 4 = V l = °' 


*rr2, 3, 10 


- 


- 


4 


nsec 


recover to 0.2 mAdc) 












(I F7, 8, 9 " hi, 8, 9 " 2 "A* 8 - V 5 = V l = °- 


*rr7, 8, 9 






4 




recover to 0.2 mAdc) 












Diode Forward Conductance Change with 
Temperature 


AV F2, 3, 10 
AV F7, 8, 9 




-1.7 
-1.7 




mV/°C 



♦Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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MC250 DTL series 



Integrated Circuits 




SUFFIX "F" DEVICES SUFFIX "G" DEVICES 

CASE 72 CASE 71 A 



Commercial monolithic integrated Diode Transistor 
Logic circuits for low-power, high-speed applications, 
The MC250 series operates over a temperature range 
of 0 to +75°C and provides guaranteed performance at 
25°C. 



SERIES MC250 DTL CIRCUITS 





Description 


Typical 
Propagation 
Delay 
(nsec) 


Maximum 
Power Dissipation 


Maximum 
Fan Out 
(0 to +75 °C) 


Type 


Output Off 
(mW) 


Output On 
(mW) 


MC251 


4- Input NAND/NOR Gate 


30 


10 


7 


5 


MC252 


3-Input NAND/NOR Gate 


30 


10 


7 


5 


MC253 


6-Input Diode AND Gate 










MC254 


3-Input Power NAND/NOR Gate 


40 


23 


66 


20 


MC255 


Line Driver 


50 


30 


65 


20(MC251) 
15(MC259) 


MC256 


Dual (2-2) Input NAND/NOR Gate 


30 


20 


12 


5 


MC257 


Dual (3-2) Input NAND/NOR Gate 


30 


20 


12 


5 


MC258 


Dual (3-2)Input NAND/NOR Gate 


30 


20 


34 


4 


MC259 


Flip- Flop 




16 


16 


8 


MC260 


Flip- Flop 




16 


16 


8 


MC262 


Dual (3-3) Input NAND/NOR Gate 


30 


19 


12 


5 


MC263 


Dual (3-3) Input NAND/NOR Gate 


30 


19 


33 


4 


MC265 


Dual (3-3) Input AND Gate 










MC267 


Dual-Diode Array 
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Integrated Circuits 



mc251 
mc252 



MC250 DTL SERIES i-m^ 

4- Input and 3 -Input Diode Transistor Logic NAND/ 
NOR Gates. 



MAXIMUM RATINGS (Ta = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 






Volts 




V 4, 6 thru 10 


+8 






V 5 


-8 






V 3 


+6 




Forward Current 


! 2 thru 10 


30 


mA 


Operating Temperature Range 


T J 


0 to +75 


°C 


Storage Temperature Range 


T . 
stg 


-65 to +175 


°C 



6 O 



CIRCUIT AND LOGIC DIAGRAMS 
4-INPUT NAND/NOR GATE MC251 

A\V- o 4 

NAND NOR 
("UP" LEVEL = "1") ("DOWN" LEVEL = "1") 





E = A+B+C+D 



3-INPUT NAND/NOR GATE MC252 
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Integrated Circuits 



MC251, MC252 (continued) (v 6 = 4 Vdc. v 5 = 2 Vdc, Vi = 0, 

ELECTRICAL CHARACTERISTICS Tj = 25° C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output Breakdown Voltage 
(I 3 = 5/iAdc, V 5 6 = 0) 


BV 3 


6 






Vdc 


"1" Output Current 

(V. n = 1. OVdc, V 3 = 5Vdc) 

(V. n = 0. 75Vdc, V 3 = 5Vdc, 

nn _ n^°r>\ 
lj - /b C) 

(V. n = 1. lVdc, V 3 = 5Vdc, 
Tj = 0 J C) 


h 
h 

h 


_ 
- 


- 
- 


50 
50 

50 


jiAdc 


"0" Output Current 

(V ? = 2. OVdc, V 3 = 0. 55Vdc, 

Tj - 0 to 75°C) 


h 


10 


- 


- 


mAdc 


Input Breakdown Voltage* 
(Diode, under test at 5 Vdc, 
All other diodes = 0) 


BV 7, 8, 9, 10 


8 






Vdc 


Input Leakage Current* 

(Diode under test at 5Vdc, -all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, Tj = 75° C) 


^,8, 9, 10 




- 


0. 50 

25 


/xAdc 


Input Turn-Off Current* 

(Alternately V 7 ,Vg,V g ,V 10 = 0) 
(Alternately V 7 ,V 8 ,V g> V 10 = 0, 
Tj = 0 to 75° C) 


l l, 8, 9, 10 






-2.3 
-2. 5 


mAdc 


Output Capacitance 

(Vg = 2. OVdc, y ? = 0, V in = 25mVrms, 

f = lmc, unused pins grounded) 


C 3 


- 


- 


15 




Input Capacitance* 

(V ? -= 2Vdc, V in = 25mVrms, 

f = lmc, unused pins grounded) 

V Q = 2Vdc, V. = 25mVrms, 
o 'in ' 

f = lmc, unused pins grounded) 

(V g = 2Vdc, V in - 25mVrms, 

f = lmc, unused pins grounded) 
(V 1Q = 2Vdc, V in = 25mVrms, 

f = lmc, unused pins grounded) 


C 7 
C 8 
C 9 
C 10 


- 


- 
■ 


10 
10 
10 
10 


Pf 


Load Resistor Current 
(v 4 = 0) 


h 


-1.3 


_ 


-2.85 


mAdc 


Power Consumption from Power Supply 
(Output "Off", V ? = 0) 

(Output "On") 








10 
7 


mW 


Switching Times 
Turn-On Delay 

Turn-Off Delay 


t 

on 
'off 






60 
60 


nsec 


Average Propagation Delay 


'pd 




30 




nsec 



* Input Diode at pin 10 available on MC251 only 
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Integrated Circuits — — 

MC253 MC250 DTL SERIES j ^ 

6-Input Diode Transistor Logic AND Gate. 



MAXIMUM RATINGS (Ta = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3 thru 8 


+8 


Vdc 




V 2 , 9 


±8 




Forward Current 


l 2 thru 10 


30 . 


mAdc 


Operating Temperature Range ' 


T J 


0 to 75 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Diode Breakdown Voltage 

(I 3 thru 8 = 10 ^ Adc ' V 10=V 1= 0) 


v 

3 thru 8 


8 


- 


- 


Vdc 


Diode Forward Voltage 

a 10 - 2mAdc, V 3thru 8 - 0) 








0. 85 


Vdc 


Diode Reverse Leakage Current 

< V 3 thru 8 " 5Vdc > V 10' V r°) 
< V 3thru8 " 5Vdc ' Vm-V^O.TjrtB-C 


h thru 8 






0. 50 

25 


fiAdc 


Input Capacitance 

(V 3 thru8= 2Vdc - V KfV 0 > f=lmc > 
V. n =25mVrms, unused inputs 

grounded) 


C 3 thru 8 






10 


P f 


Reverse Recovery Time 

(It- o iu o - 1^ o a 0 =2mAdc, 
v F 3 thru 8 R 3 thru 8 ' 

Vjq = Vj = 0, recover to 0. 2mAdc) 


t rr 3 thru 8 






4 


nsec 


Resistor Current 

(V g = 4Vdc, V 2 = 0) 




1.3 




2. 85 


mAdc 


Resistor Temperature Coefficient 






0. 1 




%/°c 


Diode Forward Conductance Change with 
Temperature 


AV 

F3 thru 8 




-1.7 




mV/°C 
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Integrated Circuits 



MC253 (continued) 



20- 



MC253 6-DIODE "AND" GATE 



-V\AA- 



nun 



0 0 0 

3 4 5 



o 0 

7 8 



-O 9 



-O10 




MC 



254 



MC250 DTL SERIES 




3-Input Diode Transistor Logic NAND/NOR Power 
Gate. 



MAXIMUM RATINGS (Ta = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 7,8,9 


+8 


Vdc 






-6 






V 3,6 


+6 




Forward Current 


I 5 thru 10 


30 


mAdc 


Load Current 




75 


mAdc 


Operating Temperature Range 




0 to 75 


°C 


Storage Temperature Range 


T st B 


-65 to +175 


°C 



MC254 POWER GATE 



A7 

o- 



B8 

o 



C9 

o- 



10 

o- 



6 

-o 





13-33 



Integrated Circuits 



MC254 (continued) (v 6 = 4 Vdc, v 5 = 2 vdc, v, = o, 

ELECTRICAL CHARACTERISTICS Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output Breakdown Voltage 


BV„ 
3 








Vdc 


(Ig = 5Mdc, V ? = 0 




6 








"1" Output Current 


h 








fiAdc 


(V„ „ n = loOVdc, V n = 5Vdc) 
v 7, 8 or 9 x ' Kjy ^> v 3 JYU w 








100 




(V„ „ ^ = 0. 75V dc. V = 5Vdc 
1 7,8 or 9 ' ' 3 JVUL » 








100 




Tj = 75° C) 












< V 7,8or9 = 1 ' 1Vdc > V 3 = 5Vdc, 




- 


- 


100 




Tj = 0° C) 












"0" Output Current 


h 








mAdc 


- (V- 0 o = 2. OVdc, V„ = 0. 55, 
7, 8 or 9 '3 ' 




30 








Tj = 0 to 75° C) 












Input Breakdown Voltage 
(I ? = 10/iAdc, V g = 0) 


BV, 


8.0 




- 


Vdc 


(I 8 = lOMdc, V ? = 0) 


BV 8 


8.0 


- 


- 




(I 9 = 10/iAdc, V ? = 0) 


BV 9 


8.0 


- 


- 




Input Leakage Current 
(V rj = 5Vdc, Vg = 0) 


h 






0. 50 




(V ? = 5Vdc, Vg = 0, Tj = 75° C) 


X 7 


- 


- 


25 




(Vg = 5Vdc, V ? = 0) 


h 






0. 50 




(Vg = 5Vdc, V ? = 0, Tj = 75° C) 








25 




(V 9 = 5Vdc, V ? = 0) 


V 






0. 50 




(V Q = 5Vdc, V„ = 0, T T = 75° C) 
9 ' 7 ' J 


9 






25 




Input Turn -Off Current 

(Alternately, V 7 V g V g = 0) 


III 
7, 8, 9 






-4. 5 


mAdc 


(Alternately, V ? V g V g = 0, 




_ 








Tj = 0 to 75° C) ' 












(V, n = 0) 
v 10 ' 


i 

10 






-5. 5 




Output Capacitance 


C 3 








Pf 


(V Q = 2. OVdc, V. = 25mVrms, 
o in ' 








15 




f = lmc, unused pins grounded) 












Input Capacitance 

(V ? = 2. OVdc, V^ = 25mVrms, 


C 7 






10 


Pf 


f = lmc, unused pins grounded) 












(V D = 2. OVdc, V. = 25mVrms, 
o 'in 


Cn 

8 






10 




f = lmc, unused pins grounded) 
(Vg = 2. OVdc, V^ = 25mVrms, 


C 9 






10 




f = lmc, unused pins grounded) 












Power Supply 

(Output "OFF", V ? = 0) 








23 


mW 


(Output "ON") 








66 




Switching Times 
Turn-On Delay 


t 

on 
'off 






35 


nsec 


Turn-Off Delay 






100 




Average Propagation Delay 


'pd 




40 




nsec 
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MC 



255 



MC250 DTL SERIES 



Diode Transistor Logic Line Driver 



MAXIMUM RATINGS (Tj =25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


v 

3,4,6 


+6 


Vdc 




V 5 


-6 






V 8, 10 


+8 




Forward Current 


h,8, 10 


30 


mAdc 


Load Current 


6 


75 


mAdc 


Operating Temperature Range 


T J 


0 to +75 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 



MC255 

6 



LINE DRIVER 

6 
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Integrated Circuits 

MC2 55 (continued) 



(V* = 4 Vdc, Vb = 2 Vdc, Vi = 0, 
ELECTRICAL CHARACTERISTICS Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output Saturation Voltage 

(I 3 = 30mAdc, Tj = 0° C to +75° C 


V 3 






0.55 


Vdc 


Output Voltage, "Off" Level 
(I 3 = lOmAdc, V 8 = 0. 7Vdc, 
Tj = 0 to 75° C) 


V 3 


2.0 








Input Breakdown Voltage 
(I 8 = 10/yAdc, V 1Q = 0) 

(I 10 = lOj/Adc, V 8 = 0) 


BV 8 
BV 10 


8.0 
8.0 


- 


- 


Vdc 


Input Leakage Current 
(V g = 5Vdc,. V 1Q = 0) 

(V g = 5Vdc, V 1Q = 0, Tj = 75° C) 

(V 10 = 5Vdc, V 8 = 0) 

(V 1Q = 5Vdc, V g = 0, Tj = 75° C) 


h 

ho 
ho 


- 




0. 50 

25 
0. 50 

25 


Adc 


Turn -Off Current at Inputs 
(V 8 = D) 

(Vg = 0, Tj = 0 to +75° C) 

(v 10 = o) 

(V 1(J = 0, Tj = 0to+75°C) 


>8 

h 

ho 
ho 


- 


- 


-4. 5 
-4.7 
-4. 5 
-4.7 


mAdc 


Load Resistor 


R 6-4 


- 


125 




Ohms 


Input Capacitance 

(V Q = 2Vdc, V. = 25mVrms, 
o in 

f-lmc, unused pins grounded) 
(V 1Q = 2Vdc, V^ = 25mVrms, 
f=lmc, unused pins grounded) 


Co 
8 

C 10 






10 
10 


Pf 


Power Consumption from Power Supply 
(Output "Off", V 8 = 0) 

(Output "On") 








30 
65 


mW 


Switching Times 
Turn -On Delay 

Turn -Off Delay 


'on 
'off 






90 
60 


nsec 


Average Propagation Delay 
(C L = lOOOpf) 


V 




50 




nsec 
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Mc256 MC250 DTL SERIES L ; : 2 ^ 



... 'Lift z m 



Dual (2-2) Input Diode Transistor Logic NAND/NOR 
Gate. 



MAXIMUM RATINGS (Tj = 25°C unless otherwise not 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3,4,6 thru 9 
V 2,10 


+8 
-8 

+6 


Vdc 


Forward Current 


*2,10 

h thru 4, 
7 thru 10 


+30 
-30 


mAdc 


Operating Temperature Range 


T J 


0 to 75 


0 C 


Storage Temperature Range 


T stg- 


-65 to +175 


°C 



MC256 

6 6 
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MC256 (continued) 



Integrated Circuits 



ELECTRICAL CHARACTERISTICS 

(V6 = 4 Vdc, Vb = 2 Vdc, Vi = 0, Tj = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output BrGkdown Voltage 
(I 2 = 5/iAdc, V g = 0) 


BV 2 


6 


_ 


_ 


Vdc 


(I 1Q = 5/Mdc, V 7 = 0) 




6 


_ 


_ 




"1" Output Current 

(V 3 = 1. OVdc, V 2 = 5Vdc) 


h 


_ 


_ 


50 


//Adc 


(V g = 0. 75V dc, V 2 = 5Vdc, 


h 


- 


- 


50 




Tj = 75° C) 












(V 3 = 1. lVdc, V 2 = 5Vdc, 


h 


- 


- 


50 




Tj = 0° C) 












(V ? = l.OVdc, V 1(J = 5Vdc) 


ho 


- 


- 


50 




\V rj = 0. 75V dc, V^q = 5Vdc, 


ho 






50 




Tj = 75° C) 










(V ? = l.lVdc, V 1Q = 5Vdc, 


ho 


- 


- 


50 




Tj = 0° C) 










"0" Output Current 

(V g = 2o OVdc, V 2 = 0. 55Vdc, 


h 


10 






mAdc 


T j = 0 to 7 5° C) 












(V — 9 (WJAo V — n RWrtn 
V " 7 — il.UV UC, J^Q — 33" UC, 


ho 


10 








Tj = 0 to 75° C) 










Input BreakDown Voltage 
(I 3 = 10//Adc, V 4 = 0) 


^3 


8 


- 


- 


Vdc 


(I 4 = 10/iAdc, Vg = 0) 


BV 4 


8 


- 






(I 7 = 10/iAdc, V 8 = 0) 


BV, 


8 


- 


- 




(I 8 = 10/iAdc, V 7 = 0) 




8 








Input Leakage Current 










/vAdc 


(Diode under test at 5Vdc, all 




- 


- 


0.50 




other inputs = 0) 
(Diode under test at 5Vdc, all 
other inputs = 0, Tj = 75° C) 








25 




Input Turn-Off Current 


T I I I 

3, 4, 7, 8 










(Alternately V 3 V 4 V ? V Q = 0) 








-2.3 




(Alternately Vg'v^V.j* V fl = 0, 








-2.5 




'Tj = 0 to 75° C) 












Output Capacitance 

(V 2 = 2. OVdc, Vg = 0, V^ = 25mVrms 

f = lmc, unused pins grounded 


C 2 






10 


Pf 


(V 1Q = 2. OVdc, V ? = 0, V^ = 25mVrms, 
f = lmc, unused pins grounded) 


C 10 






10 
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Integrated Circuits 

MC256 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Input Capacitance 

(V 3 = 2Vdc, = 25mVrms, f = lmc, 

unused pins grounded) 

(V. = 2Vdc, V. = 25mVrms, f = lmc, 
v 4 'in ' ' 

unused pins grounded) 

(V 7 = 2Vdc, V. n = 25mVrms, f = lmc, 

unused pins grounded) 

(V„ = 2Vdc, V. = 25mVrms, f = lmc 
v 8 'in ' 

unused pins grounded) 


C 3 
C 4 
C 7 
C 8 


- 
- 


- 


10 
10 
10 
10 


Pf 


Load Resistor Current 

(v 9 = o) 


9 


-1.3 


- 


-2.85 


mAdc 


Power Consumption from Power Supply 
(Output "Off", V 3 = V ? = 0) 

(Output "On") 








20 
12 


mW 


Switching Times 
Turn-On Delay 

Turn -Off Delay 


'on 
'o££ 






60 
60 


nsec 


Average Propagation Delay 






30 




nsec 



Mc257 MC250 DTL SERIES j 

{''■ r,; . 

Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 



MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3,4, 

6 thru 9 

V 5 

v 

2,10 


+8 

-8 

+6 


Vdc 


Forward Current 


^,10 

l 2 thru 4, 
7 thru 10 


+30 
-30 


mAdc 


Operating Temperature Range 


T J 


-0 to +75 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 
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Integrated Circuits 



MC257 (continued) 



ELECTRICAL CHARACTERISTICS 

(V6 = 4 Vdc. Vs = 2 Vdc, Vi — 0, Tj = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output Breakdown Voltage 
(I 2 = 5/iAdc, V 3 = 0) 


BV 2 


6 


- 


- 


Vdc 


(I 10 = 5/iAdc, V ? = 0) 


BV 10 


6 


- 


- 




"1" Output Current 

(V 3 = l.OVdc, V 2 = 5Vdc 




- 


- 


50 


/vAdc 


(V 3 = 0.75Vdc, V 2 - 5Vdc, 


h 


- 


- 


50 




Tj = 75° C) 












(V 3 = l.lVdc, V 2 = 5Vdc, 


h 


- 


- 


50 




Tj = 0°C) 

(V ? = r.OVdc, V 1Q = 5Vdc) 


ho 


- 


- 


50 




(V ? = 0.75Vdc, V 1() = 5Vdc, 


ho 






50 




T = 75° C) 
J 












(V ? = l.lVdc, V 1Q = 5Vdc, 


ho 


- 


- 


50 




L J - u L) 












"0" Output Current 

(V 3 = 2. OVdc, V 2 = 0. 55Vdc, 


h 


10 




~ 


mAdc 


Tj = 0 to 75° C) 












(V^ = 2. OVdc, Vjq = 0. 55Vdc, 


L n 
10 


10 








Tj = 0 to 75° C) 












Input Breakdown Voltage 
(I 3 = lOMdc, V 4 = 0) 


BV 3 


8 


- 


- 


Vdc 


(I 4 = lOMdc, V 3 = 0) 


BV 4 


8 








(I 7 = 10/iAdc, V 8 = 0) 


BV, 


8 








(I 8 = 10Mdc, V ? = 0) 


BV 8 


8 








(I 9 = 10/Mdc, V ? = 0) 


BV 9 


8 


_ 


_ 




Input Leakage Current 


T T T 
3/4/7, 

*8/y 








c 


(Diode under test at 5Vdc, all 

other inputs = 0) 
(Diode under test at 5Vdc, all 

other inputs = 0, Tj = 75° C) 


- 
- 


- 

- 


0.50 
25 




Input Turn-Off Current 


\\\ 
\h 








mAdc 


(Alternately V, V. V- V ft V q = 0) 








-2.3 




(Alternately V 3 V A ^ q Vq ? V q = 0, 








-2. 5 




Tj = 0to75°C) 












Output Capacitance 

(V 2 = 2. OVdc, V 3 = 0, V^ = 25mVrms, 


C 2 






10 


Pf 


f = lmc, unused pins grounded) 
(V 1Q = 2. OVdc, V ? = 0, V^ = 25mVrms > 


C 10 






10 




f = lmc, unused pins grounded) 
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Integrated Circuits 

MC257 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Chsrsctoristic 


Symbol 


Minimum 


Typicsl 


Maximum 


Unit 

unii 


Input Capacitance 

(V 3 = 2Vdc, V. n = 25mVrms, 


C 3 


- 


- 


10 


pf 


f = lmc, unused pins grounded) 

(V. = 2Vdc, V. = 25mVrms, 
4 'in ' 


C 4 


- 


- 


10 




f = lmc, unused pins grounded) 

(V„ = 2Vdc, V. = 25mVrms, 
7 ' in ' 


7 




_ 


10 




f = lmc, unused pins grounded) 
(V 8 = 2Vdc, = 25mVrms, 


C 8 


_ 


_ 


10 




f = lmc, unused pins grounded) 

(V Q = 2Vdc, V. = 25mVrms, 
v 9 'in ' 


9 






10 




f = lmc, unused pins grounded) 












Power Consumption from Power Supply 
(Output "Off", V 3 = V ? = 0) 








20 


mW 


(Output "On") 








12 




Switching Times 
Turn -On Delay 


t 

on 






60 


nsec 


Turn-Off Delay 


'off 






60 




Average Propagation Delay 


'pd 




30 




nsec 



MC257 

6 6 




1 1 



3-2 NAND/N0R GATE 

6 O 




F-AB G=CDE 
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•Integrated Circuits- 



MC 



258 



MC250 DTL SERIES 



Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 



MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3,4,6 thru 9 
V 5 
V 2,10 


+8 
-8 

+6 


Vdc 


Forward Current 


X 2,10 

l 2 thru 4, 
7 thru 10 


+30 
-30 


mAdc 


Operating Temperature Range 


t j 


0 to +75 


°C 


Storage Temperature Range 


T 

stg 


-65 to +175 


°C 



MC258 





B4 



C7 



D8 O |4~ 



3-2 NAND/NOR GATE 

— \AAA- 



-H— H- 




-AAAr- 



Q 2F 



F=AB G=CDE 
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MC258 (continued) 



Integrated Circuits 



ELECTRICAL CHARACTERISTICS 

(V6 = 4 Vdc, Vs = 2 Vdc, Vi = 0, Tj = 25°C unless otherwise noted) 



Characteristic 


9vmhnl 

Oj IIIUUI 


Minimum 

IIIIIIIIIIUIII 


Tvniral 


Mayimum 
IVlaAIIIIUllI 


Unit 


Output Saturation Voltage 

(1 — (ImAflp V - V - 9VHr» 


V 2 








Vdc 


T _ n f/-> "7k o r~>\ 
1j = UlO jd 












/T _ HmAHp V - V = V - 2VHp 


v 

V 10 






0 55 




T - 0 fn 7R° P\ 

lj - U LU I J V_ / 










Output "Off" Voltage 

(I 2 = lOO^Adc, V 3 = l.OVdc 


V 2 


3.5 


- 


- 


Vdc 


fT — inn#/AHn v - n i r\tac 

^2 ~ J -" u A'"UL > V g — U. 1 JV ULj 


v 


3. 5 








T = 75° C) 














V 2 










T J = °° C) 












(I 1Q » 100/jAdc, V ? = l.OVdc 


V 10 


3. 5 








(I 1Q = lOOMdc, V ? = 0. 75V dc, 


V !0 


3. 5 




- 




T T = 75° C) 
J ' 










(I 1Q = 100/iAdc, V ? = l.lVdc, 


V 10 


3. 5 








Tj = 0° C) 










Input Breakdown Voltage 
(I 3 = 10//Adc, V 4 = 0) 


BV 3 


8 






Vdc 


(I 4 = 10/iAdc, V 3 = 0) 


BV 4 


8 


_ 


_ 




(i 7 = laMdc, v 8 = o) 


BV, 


8 


- 


- 




Ug - V y - V) 


BVg 


g 








fT — 1 flu AHn V — frt 


V(M 

BV 9 


g 








Input Leakage Current 


h,\\ 








//Adc 


(Diode under test at 5Vdc, all 

other inputs = 0) 
(Diode under test at 5Vdc, all 

other inputs = 0, Tj = 75° C) 


~ 




0. 50 

25 




Input Turn -Off Current 










mAdc 


(Alternately V 3 V 4 V ? V g V g = 0) 








-2.3 




(Alternately V 3 'v 4 , V 7 'v 8 , V 9 = 0, 








-2. 5 




Tj = 0 to 75° C) 












Output Capacitance 

(V 2 = 2. OVdc, V 3 = 0, V^ = 25mVrms, 


C 2 






10 




f = line, unused pins grounded) 
(V 1Q = 2. OVdc, V ? = 0, V^ = 25mVrms, 


C 10 






10 




f = lmc, unused pins grounded) 
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Integrated Circuits 

MC258 (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


TvDical 


Maximum 


Unit 


Input Capacitance 

(V 0 = 2Vdc, V. = 25mVrms, f = lmc, 
3 1 in 


C 3 


- 


- 


10 


pf 


unused pins grounded) 

(V 4 = 2Vdc, = 25mVrms, £ = lmc, 


C 4 


- 




10 




unusGd pins grounded) 
(V ? 7= 2Vdc, = 25mVrms, f = lmc, 

unused pins grounded) 
(Vg = 2Vdc, = 25mVrms, f = lmc, 


C 7 
C 8 


- 
- 


- 
- 


10 
10 




unused pins grounded) 
(V g = 2Vdc, = 25mVrms, f = lmc 


C 9 




_ 


10 




unused pins grounded) 












Power Consumption Power Supply 
(Output "Off", V 3 = V ? = 0) 








20 


mW 


(output "On") 








34 




Switching Times 
Turn-On Delay 


l on 






60 


nsec 


Turn -Off Delay 


*of£ 






60 




Average Propagation Delay 






30 




nsec 



Mc259 MC250 DTL SERIES 

Diode Transistor Logic Flip- Flop. 



MAXIMUM RATINGS (Tj = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2,3,4,6,7 
8,9,10 

V 5 


+8 
-8 


Vdc 


Forward Current 


*3,8 

*2,3,4, 
7 thru 10 


+ 50 
-30 


mAdc 


Operating Temperature Range 


T J 


0 to +75 


°C 


Storage Temperature Range 


T 

stg 


-65 to +175 


°C 
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MC259 (continued) 



Integrated Circuits 



ELECTRICAL CHARACTERISTICS 



(V& = 4 Vdc, Vb = 2 Vdc, Vi =0, Tj = 25°C unless otherwise noted) 



Characteristic 


Logic 

CumhnI 

OJII1UU1 


Logic 
Stats 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


OUTPUT LEVEL 
















"Off" Voltage 

(I„ = -200/iAdc, V. = 0. 55V dc, 

O 1 


Q 


l 


V 8 


2. 5 






Vdc 


V^ = Z.UVaC, ^ ' 
















(I 3 = -200/iAdc, V 4 = 2.0Vdc, 




1 


V 3 


2. 5 






Vdc 


V ? = 0. 6Vdc, T A = 0 to 75° C) 
















"On" Voltage 

U 8 = 16mAdc, V 4 = 2. OVdc, 


Q 


0 


V 8 


_ 


_ 


0. 55 


Vdc 


V 7 = 0. 55V dc, T A = 0 to 75° C) 
















(I 3 = 16mAdc, V 4 = 0. 55Vdc, 


<? 


0 


V 3 


- 


- 


0. 55 


Vdc 


V ? = 2. OVdc, T A = 0 to 75° C) 
















DIRECT SET-RESET INPUTS 
















"Up" Voltage 


S D 


1 


V 4 


2.0 


- 


- 


Vdc 




R D 


1 


V 7 


2.0 


- 


- 


Vdc 


"Down" Voltage 


s„ 
c 


0 


V. 
4 






0. 55 


Vdc 




R D 


0 


V 7 






0. 55 


Vdc 


"Up" Current 
















\y ^ = DVac, ij = <D L; 


S D 


1 


*4 






25 


[i Adc 


(V ? = 5Vdc, Tj = 75° C) 


R D 


1 


h 


- 


- 


25 


/i Adc 


"Down" Current 
















(v 4 = o) 


D 


0 


i 

4 


_ 


_ 


-2.3 


mAdc 


(v 7 = 0) 


D 


0 


h 






-2. 3 


mAdc 


CLOCKED SET-RESET INPUTS 
















"Down" Current 
















(V 9, 10 = 0 > T j = 25 ° c > 


s c 


0 




- 


- 


-1.75 


mAdc 


* V 2,10 =0 > T J = 25 ° C > 


R c 


0 


l 2 


- 


- 


-1.75 


mAdc 


Effective Clock Input 
Capacitance 






C 10 




75 


- 


Pf 


SWITCHING TIME 
















Clocked Set-Reset Mode 
















Turn-On Delay 






t 

on 






100 


nsec 


Turn-Off Delay 






'off 






75 


nsec 


Direct Set-Reset Mode 
















Turn-On Delay 






t 

on 






100 


nsec 


Turn-Off Delay 






'off 






75 


nsec 


POWER CONSUMPTION 










16 




mW 
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MC259 (continued) 



Integrated Circuits 



MC259 BINARY ELEMENT 




Diode Transistor Logic Flip- Flop. 



MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


v 

2,3,4,6, 
7,8,9,10 


+8 
-8 


Vdc 


Forward Current 


*2,3,4, 

7 thru 10 


+50 
-30 


mAdc 


Operating Temperature Range 


T J 


0 to +75 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 
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MC260 (continued) 



Integrated Circuits 



ELECTRICAL CHARACTERISTICS (V* = 4 Vdc F V 5 = 2 Vdc, V. = 0, Tj = 25°C) 



Characteristic 


Logic 
Symbol 


Logic 
State 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


OUTPUT LEVEL 
"Off" Voltage 

ylrj — -<SUU//AUC, — U. DDVQ.C, 


Q 




V 7 


2. 5 






Vdc 


Momentarily connect pin 2 to 
-2.0Vdc, T = 0 to 75° C) 
(I 3 = -200//Adc, V 4 = 2. OVdc, 


"Q" 


l 


v 


2. 5 






Vdc 


Tj = 0 to 75° C) 
















"On" Voltage 

(I ? = 16mAdc, V 4 = 2. OVdc, 


Q 


0 


V 7 


- 


- 


0. 55 


Vdc 


Momentarily connect pin 2 to 
-2. OVdc, Tj = 0 to 75° C) 
















(I 3 = 16mAdc, V 4 = 0. 55Vdc, 


XT 


0 


V 3 


_ 


_ 


0. 55 


Vdc 


Tj = 0 to 75° C) 
















DIRECT SET INPUT CURRENT 
"Up" Current 
(V 4 = 5Vdc, Tj = 75° C) 


S D 


1 


h 






25 


/iAdc 


"Down" Current 
(v 4 = 0) 


S D 


0 


h 






-2.3 


mAdc 


CLOCKED SET-RESET INPUTS 
"Down" Current 
< V 8,9 = °' T, = 75°C) 


s c 


0 


h 


- 


- 


-1.75 


mAdc 


(V = 0 T = 75° C) 
K 2,10 ' J ^ } 


R 

C 


o 








-1. 75 




Effective Clock Input 

Capacitance 
(V g = 2 o 0Vdc, V g = OVdc) 










75 




Pf 


(V 1Q = 2. OVdc, V 2 = OVdc) 






C 10 




75 




Pf 


(Vg = 4. OVdc) 
















SWITCHING TIME 

Clocked Set-Reset Mode 
Turn -On Delay 

Turn -Off Delay 






t 

on 






100 
75 


nsec 
nsec 


Direct Set Mode 
Turn-On Delay 






t 

on 






100 


nsec 


Turn -Off Delay 






'oa 






75 


nsec 


POWER CONSUMPTION 










16 




mW 
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Integrated Circuits 



MC260 (continued) 





13-48 



MC 



262 



- Integrated Circuits — 
MC250 DTL SERIES 



Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 




MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3 thru 9 
V 2, 10 


+8 
+6 


Vdc 


Forward Current 


! 2,10 

J 2 thru 5, 
7 thru 10 


+30 
-30 


mAdc 


Operating Temperature Range 




0 to +75 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 




MC262 




3-3 NAND/NOR GATE 



A3 O — H- 



D7 



ES Q |^ 



G=ABC H=DEF 




10H 
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Integrated Circuits 



MC262 (continued) 



ELECTRICAL CHARACTERISTICS 

(V6 = 4 Vdc, V5 = 2 Vdc, Vi = 0, Tj = 25°C unless otherwise noted) 



ChsractGristic 


^vmhnl 

OJIIIUUI 


Minimum 

mlllllllUIII 


Typical 


Maximum 


Unit 


Output Breakdown Voltage 
(I 2 = 5/iAdc, V 3 = 0) 


BV 2 


6 






Vdc 


(I 10 = 5/iAdc, V ? = 0) 


BV 10 


6 








"1" Output Current 

(V 3 = l.OVdc, V 2 = 5Vdc) 


h 


- 


- 


50 


Adc 


(Vg = 0. 75V dc, V 2 = 5Vdc, 


h 






50 




Tj = 75° C) 












(Vg = l.lVdc, V 2 = 5Vdc, 


h 






50 




Tj = 0° C) 












(V ? = l.OVdc, V 1(J = 5Vdc) 


ho 


- 


- 


50 




(V„ 0.75Vdc, V in = 5Vdc, 
7 7 10 ' 


10 






50 




Tj = 75° C) 










(V ? = 1. IV dc, V 1Q = 5Vdc, 


10 






50 




T T = 0°C) 










"0" Output Current 

^ V in = 2Vdc > V 2 = °* 55 > 


h 


10 






mAdc 


Tj = 0 to 75° C) 












(V. =2Vdc, V =0.55, 
in iu 

Tj = 0 to 75° C) 




10 








Input Breakdown Voltage 
(I 3 = lO^Adc, V 4 = 0) 


BV 3 


8 






Vdc 


(I 4 = lO^Adc, Vg = 0) 


BV 4 


8 


- 


- 




(I. = 10//Adc, V, = 0) 
5 7 3 


5 


8 








(I ? = 10A/Adc, Vq = 0) 


BV 7 


8 


- 


- 




(I 8 = 10/yAdc, V ? = 0) 


BV 8 


8 


- 


- 




(Ig = 10/iAdC, V ? = 0) 


BV 9 


8 








Input Leakage Current 


\\\ 










(Diode under test at 5Vdc, all 

other inputs = 0) 
(Diode under test at 5Vdc, all 

other inputs = 0, Tj = 75° C) 






_ 


0.50 

25 




Input Turn -Off Current 


\\\ 








mAdc 


(Alternately Vg V 4 V 5 V ? Vg 








-2.3 




v 9 = o) 












(Alternately Vg V 4 V 5 V ? V g 








-2.5 




V g = 0, Tj= o'to 75° C) 
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■ Integrated Circuits • 



MC262 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output Capacitance 

(V 2 = 2.0Vdc, V 3 = 0, = 25mVrms, 

f = lmc, unused pins grounded) 
(V 1Q = 2.0Vdc, V 7 = 0, = 25niVrms, 

f = lmc, unused pins grounded) 


2 

C 10 


- 


- 


10 
10 


pf 


Input Capacitance 

(V 3 = 2Vdc, V. n = 25mVrms, f = lmc, 


C 3 


- 


- 


10 


pf 


unused pins grounded) 
(V . = 2Vdc, V. = 25mVrms, f = lmc, 


C 4 


- 


- 


10 




unused pins grounded) 
(V c = 2Vdc, V. = 25mVrms, f = lmc, 


C 5 


- 


- 


10 




unused pins grounded) 
(V„ - 2Vdc, V. = 25mVrms, f = lmc, 

unused pins grounded) 

(V 0 - 2Vdc, V. = 25mVrms, f = lmc, 
v 8 ' in 1 ' 


C 7 
C 8 


- 
- 


- 
- 


10 
10 




unused pins grounded) 

(V n = 2Vdc, V. = 25mVrms, f = lmc, 
v 9 ' m ' ' 


C 9 


- 


- 


10 




Power Consumption from Power Supply 
(Output "Off", V 3 = V ? = 0) 








19 


mW 


(Output "On") 








12 




Switching Times 
Turn -On Delay 


t 

on 






60 


nsec 


Turn -Off Delay 


'off 






60 




Average Propagation Delay 


'pd 




30 




nsec 



MC 



263 



MC250 DTL SERIES 



Dual (3-3) Input Diode Transistor Logic N AND/NOR 
Gate. 




MAXIMUM RATINGS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 3 thru 9 


+8 


Vdc 




V 2,10 


+6 


mAdc 


Forward Current 


r 2,10 

l 2 thru 5, 
7 thru 10 


+30 
-30 




Operating Temperature Range 


T J 


0 to 75 


°C 


Storage Temperature Range 


T x 
stg 


-65 to +175 


°C 
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MC263 (continued) 



Integrated Circuits 



ELECTRICAL CHARACTERISTICS 

(V6 = 4 Vdc, Vs = 2 Vdc, Vi = 0, Tj = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Output Breakdown Voltage 
(I 9 = 5//Adc, V, 0) 


BV 9 
2 


6 






Vdc 


(L n = 5//Adc, V„ = 0) 


BV in 
10 


6 








Output Saturation Voltage 

(Ig = 8mAdc, V 3 = V 4 = V 5 = 2Vdc, 


V 2 


- 


- 


0.55 


Vdc 


T T = 0to75°C) 












(I 1n = 8mAdc, V- = V c = V Q = 2Vdc, 
10 ' 7 8 9 ' 


10 






0.55 




T T = 0 to 75° C) 












Output "Off" Voltage 

(I 2 = 100/;Adc, V 3 = 0. TVdc, 


V 2 


3. 5 






Vdc 


T T = 0 to 75° C) 
J 












(I 1Q = lOOMdc, V ? = 0.7Vdc, 


V 10 


3.5 


- 


- 




Tj = 0to75°C) 












Input Breakdown Voltage 
(I 3 = 10/i Adc, V 4 = 0) 




8 


- 


- 


Vdc 


(I 4 = 10/vAdc, V 3 = 0) 


BV 4 


8 








(I 5 = lOAiAdc, V 3 = 0) 


BV 5 


8 


- 


- 




(I ? = lOMdc, V 5 = 0) 




8 








(I 8 = 10/iAdc, V ? = 0) 


BV 8 


8 


- 






(I Q = 10/iAdc, V ? = 0) 


BV 9 


8 








Input Leakage Current 


3, 4, 5, 








/xAdc 


(Diode under test at 5Vdc, all 

other inputs = 0) 
(Diode under test at 5Vdc, all 

other inputs = 0, Tj = 75° C) 








0.500 

25 




Input Turn -Off Current 










mAdc 


(Alternately V Q V. V. V„ V Q 

Of 4| Df if Of 








-2.3 




v 9 = o) 












(Alternately V g V 4 V & V ? V g 








-2.3 




V g = 0, Tj = o'to 75° C) 












Output Capacitance 

(V 2 =2.0Vdc, V 3 = 0, Vin = 


C 2 






10 


Pf 


25mVrms, f = lmc, unused 
pins grounded) 

(V 10 = 2.0Vdc, V, = 0, V ta = 

25mVrms, f = lmc, unused 
pins grounded 


C 10 






10 
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Integrated Circuits 



MC263 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Input Capacitance 

(V, = 2Vdc, V. = 25mVrms, 
v 3 ' m ' 

f = lmc, unused pins grounded) 

(V. = 2Vdc, V. = 25mVrms, 
v 4 'in ' 

f = lmc, unused pins grounded) 

(V K = 2Vdc, V. = 25mVrms, 
5 'in ' 

f = lmc, unused pins grounded) 

(V ? = 2Vdc, = 25mVrms, 

f = lmc, unused pins grounded) 

(V Q = 2Vdc, V. = 25mVrms, 
v 8 ' m ' 

I = lmc, unused pins grounded) 

(V n = 2Vdc, V. = 25mVrms, 
9 ' m ' 

f = lmc, unused pins grounded) 


C 3 
C 4 
S 
C 7 
C 8 
C 9 


: 

- 


: 

- 


10 
10 
10 
10 
10 
10 


pi 


Power Consumption from Power Supply 
(Output "Off", V 3 = V ? = 0) 

(Output "On") 








19 
33 


mW 


Switching Times 
Turn -On Delay 

Turn-Off Delay 


'on 
'off 






60 
60 


nsec 


Average Propagation Delay 






30 




nsec 



MC263 

6 6 
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■ Integrated Circuits ■ 



mc265 



MC250 DTL SERIES 




Dual (3-3) Input Diode Transistor Logic AND Gate. 
MAXIMUM RATINGS (Ta = 25 °C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2,3,7 thru 
10 

V 6 


+8 
±8 


Vdc 


Forward Current 


l 2 thru 10 


±30 


mAdc 


Operating Temperature Range 


t j 


0 to +75 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 



MC265 





DUAL "AND" GATE 



O 1 



5 

O- 



I * — AA/ V 1 



1 1 



4 

-O 
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Integrated Circuits 



MC265 (continued) 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Diode Breakdown Voltage 

(I 2 3 10 =10Mdc, V 4 =V 1 = 0) 
(I 7 | 8 ; 9 = 10,Adc, V 5 =V 1 = 0) 


V 2,3,10 
V 7,8,9 


8 
8 


- 




Vdc 


Diode Forward Voltage 

(I 4 = 2mAdc, V 2 3>10 = V 1 = 0) 

(I 5 = 2mAdc, V^g^V^O) 


V 4 
V 5 






0.85 
0.85 


Vdc 


Diode Reverse Leakage Current 

( V 2,3,10 =5Vdc » V 4 = V 1 = °) 

( V 2,3,10= 5Vdc > V 4= V 1 = °> 
Tj = 75° C) 

(V ? g 9 = 5Vdc, V 5 = V 1 =0) 
(V^g^SVdc, V 5 = V 1= 0, 
Tj=75°C) 


: 2,3,10 
l 2, 3, 10 

: 7,8,9 
J 7, 8, 9 


- 


- 


0. 50 
25 

0. 50 

25 


/iAdc 


Input Capacitance 

< V 2,3,10 = 2Vdc ' V 4 = V 1=°- 

f = lmc, V. = 25mVrms, unused 
' in ' 

inputs grounded) 

(V„ q q = 2Vdc, V, = V. = 0, 
7, 8, 9 '5 1 ' 

f = lmc, V. = 25mVrms, unused 
in 

pins grounded) 


C 2,3,10 
^7, 8, 9 






10 
10 


Pf 


Reverse Recovery Time 

(I F2,3,10 = I R2,3,10 = 2mAdc > 
V^ = = 0, recover to 0.2mAdc) 

(I F7,8,9 = I R7,8,9 = 2mAdc > 
Vg = V^ = 0, recover to 0.2mAdc) 


t rr2,3, 10 
fc rr7, 8, 9 






4 
4 


nsec 


Resistor Isolation Leakage 
(V 6 = 5Vdc, V 4 = V 5 = 0) 


h 






600 


mAdc 


Resistor Current 

(V 6 = 4Vdc, V 4 = = 0) 

(V 6 = 4Vdc, V 5 = V x = 0) 


h 


1-3 
1.3 




2.85 
2.85 


mAdc 


Resistor Temperature Coefficient 






0.1 




%/°c 


Diode Forward Conductance Change 
with Temperature 


AV F2,3, 10 
^ V F7,8,9 




-1.7 
-1.7 




mV/°C 
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mc267 



- Integrated Circuits — 
MC250 DTL SERIES 



Diode Transistor Logic Dual- Diode Array. 



MAXIMUM RATINGS (Ta = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Applied Voltage 


V 2,3, 
7 thru 10 


8 


Vdc 


Forward Current 


I 2 thru 5 
7 thru 10 


30 


mAdc 


Operating Temperature Range 


T J 


0 to +75 


°C 


Storage Temperature Range 


T , 
stg 


-65 to +175 


°c 



MC267 







5 













JL 





10- 
2- 
3- 



DUAL DIODE ARRAY 



5 

O- 



i i i 



O 

3 



4 
-O 



0 

10 
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Integrated Circuits 



MC267 (continued) 



ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Minimum 


Typical 


Maximum 


Unit 


Diode Breakdown Voltage 

(I 2,3,10 =10 ^ Adc ' V 4 =V 1 = °> 
(I 7,8,9 = 10 " Adc ' V 5=- V l = 0 > 


V 2,3,10 
V 7,8,9 


8 
8 






Vdc 


Diode Forward Voltage 

(I 4 = 2m Adc, V^g^^V^O) 

u 5 " C » V 7,8,9~ V 1~ U ' 


V 4 






0.85 


Vdc 


Diode Reverse Leakage Current 

< V 2,3,10 =5Vdc > V 4 = V 1 = 0 > 

< V 2,3,10= 5Vdc > V 4 = V 1 = °> 
Tj = 75° C) 

{V 1,8,9 ~ bVdc > V 5 " V l ~ U) 
(V 7)8>9 =5Vdc, V 5 = V 1 = 0, 

Tj = 75° C) 


*2,3,10 
l l, 8, 9 


- 


- 


0. 50 

25 

0. 50 

25 




Input Capacitance 

(V 2,3,10 = 2Vdc ' V 4 = V 1 = °> 

f = lmc, V. = 25mVrms, 
' in ' 

unused inputs grounded) 

(V 7(8;9 = 2Vdc, V 5 = Vl =0, 

f = lmc, V. = 25mVrms, 
' in * 

unused inputs grounded) 


C 2,3,10 
C 7,8,9 






10 
10 


Pf 


Reverse Recovery Time 

(I F2,3,10 = ^2,3,10 = 2mAdc > 
V 4 = V 1 = 0, Recover to 0.2mAdc) 

(I F7,8,9 = I R7,8,9 = 2mAdc 
Vj. = V^ = 0, recover to 0.2mAdc) 


^2,3,10 
fc rr7, 8, 9 






4 
4 


nsec 


Diode Forward Conductance Change 
with Temperature 


a F2,3, 10 
4V F7,8,9 




-1.7 
-1.7 




mV/°C 
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Integrated Circuits 



MECL Mc300 series 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 



The MECL series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil- 
ity. The major features of the MECL series are: 

• 5 nsec propagation delay per logic decision 

• Virtually constant noise immunity with 
±10% power supply variation, and tem- 
perature changes from —55° to +125°C 

• Simultaneous "OR"-"NOR" or "AND"- 
"NAND" outputs 

• High fan-in and fan-out capabilities 



BASIC MECL CIRCUIT 



V cc = GND. 




The series is comprised of the following 
elements: 

MC301 — A high-speed five-input gate ele- 
ment that provides the positive logic 
"OR" function and its complement si- 
multaneously. 

MC302 — A DC Set-Reset flip-flop with an 
expandable input and the power dissipa- 
tion of only one gate. 

MC303 — A half-adder that provides the 
"SUM", "CARRY", and "NOR" func- 
tion simultaneously. 

MC304 — A bias driver that compensates 
for changes in circuit parameters with 
temperature. 

MC305 — A five-input expander for use with 
the MC302 and the MC306.7. 

MC306.7 — A high-speed expandable three- 
input gate element that provides the 
positive logic "OR" function and its com- 
plement simultaneously. 

MC308 — A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 

MC309, 10,11 — A high-speed dual two- 
input gate element that provides the pos- 
itive logic "NOR" function. 

MC312 — A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 



FOR LOGICAL "1" INPUT; "NOR" 0UTPUT= -1.55V 
"OR" OUTPUT =— 0.75V 

FOR LOGICAL"!)" INPUT; "NOR" OUTPUT =— 0.75V 
"OR" 0UTPUT= -1.55V 



MECL - A CURRENT MODE SWITCH 

The typical MECL circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor param- 
eters. High fan-out operation is permitted due to the low im- 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple- 
ment available simultaneously. Since the current in the differ- 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
— 1.15 volts is applied to the (-f) input of the differential 
amplifier and the logic signals are applied to the (— ) input. 
If a logical "0" is applied to the (— ) input, the current through 
Rt is supplied by the fixed biased transistor. A drop of 800 mV 
occurs across R C2 . The "OR" output then is —1.55V, or one 
Virdrop below 800 mV. Since no current flows in the (— ) input 
transistor, the "NOR" output is a Vit-drop below ground, or 
—0.75 volts. When a logical "1" level is applied to the (— ) 
input, the current through R c » is switched to the (— ) input 
transistor and a drop of 800mV occurs across Rci. The "OR" 
output then goes to —0.75 volts and the "NOR" output goes 
to -1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 
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Integra fed Circuits 

MC300 MECL series (continued) 




10 PIN 12 PIN 10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 

(MC312G ONLY) (MC312F ONLY) 

CASE 71 CASE 98 CASE 72 CASE 83 



FAMILY CHARACTERISTICS 



The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 



designed. All performance curves are based 
on distributional spreads and the minimum- 
maximum ranges can be interpreted for design 
purposes as 1096-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 



MAXIMUM RATINGS!(at2 5 -o 



Characteristics 


Symbol 


Maximum 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Output Source Current 




10 


mAdc 


Operating Temperature Range 


T A 


-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



Any one of the supply nodes, Vn, Vcc, 
or V K may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vcc node. In 
such a case: 

Vcc = 0 V„ = -1.15V V Et = -5.2V 



SYSTEM LOGIC SPECIFICATIONS 



The output logic swing of 0.8V then 
varies from a low state of V t = —1.55V 
to a high state of V H = -0.75V with 
respect to ground. 

Positive logic is used when reference is 
made to logical "0's" or "l's". Then 




| v | typical 



Dynamic logic refers to a change of 
logic states. Dynamic "0" is a negative 
going voltage excursion and a dynamic 
"1" is a positive going voltage excur- 
sion. 
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Integrated Circuits 

MC300 MECL series (continued) 

DC CHARACTERISTICS FOR MC300 SERIES 

WORST CASE TRANSFER CHARACTERISTICS DEFINITION OF TRANSFER CHARACTERISTIC POINTS 

e;„ (VOLTS) 




e ; „ (VOLTS) e in (VOLTS) 




WORST CASE NOISE MARGIN 




-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) TEMPERATURE (°C) 
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Integrated Circuits 



MC300 MECL series (continued) 
SVBC304 

BIAS DRIVER 

Atemperature compensating regulator intended 
for use in conjunction with the MC300 
"MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 
of "MECL" logic systems over a temperature 
range of -55°C to +125°C. 



ELECTRICAL CHARACTERISTICS 



Test 


Conditions 


Symbol 


-55°C 


25°C 


125°C 


Unit 




max 


min 


max 


min 


max 


Fan- Out 








25 




25 




25 




Output Voltage 


V CC = 0 ' V EE = - 5 - 2Vdc ±l% 


V BB 


1.19 


1.32 


1.09 


1.22 


0.95 


1.08 


Vdc 


(No Load to Full Load) 


I out = 0 to 2. 5 mAdc 


















Power Dissipation 


V CC = °. V EE = "5.2 Vdc t 1% 


P D 




24 




24 




22 


mW 



CIRCUIT SCHEMATIC CIRCUIT DESCRIPTION 



Circuit Operation: 

The divider network R,, R 2 , Di, Di compensates for tem- 
perature variations of the base-emitter voltages of Q., and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi- 
tions over the temperature range of — 55*C to +125*C. In 
addition, compensation for power supply variations is 
achieved, since the bias output voltage is derived from the 
system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the logic system. Thus, if V C c is grounded in the 
logic system, then — 

Vcc = 0; V K = -5.2V; 

Vii = —1.15 nominal output voltage at 25*C 
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• Integrated Circuits • 



MC300 MECL series (continued) 



IVIC301, MC306, MC307, MC309 thru IVIC312 

LOGIC GATES 



CIRCUIT SCHEMATICS 



LOGIC SPECIFICATIONS 



MC301 5 INPUT 



\>fi l>7^ j>8^ J>9^ Iro 





POSITIVE LOGIC 

When*V H is defined as a logical "1" and V t as 
a logical "0" the "OR"/"NOR" function is 
performed : 



Single Gate 



Dual Gate 



"N0R" = A + B + C + D + E 
"0R" = A + B + C + D + E 



G = "NOR" = A + B + C 



--= "NOR" = D + E + F 



NEGATIVE LOGIC 

Inversely, when V H is defined as a logical "0" 
and Vl as a logical "1" the "AND"/"NAND" 
function is performed: 
Single Gate 

B^ — F = "NAND" = A • B • C • D • E 

D — ^ J - G = "AND" = A • B • C • D • E 

Dual Gate 

r, 



c — H 3 c> !~" G = mo = A * 

E — f-j ^ i"" H = NAN ° = 



MC309 DUAL "NOR" 



MC310 DUAL "NOR" 



MC311 DUAL "NOR" 




♦Resistors R 0 are omitted in MC307 cir- 
cuits to permit reduction of Power Dissi- 
pation in systems where logic operations 
are performed at circuit outputs. 

EXAMPLE : where (n) gates are to perform 
an "OR" function, one MC306 gate and 
(n-1) MC307 gates can be used to provide 
savings of Power Dissipation in (n-1) gates. 

••Pins 9 and 10 are for use in conjunction 
with the MC305 input expander to in- 
crease the fan-in capability in increments 
of five. 

"To be supplied from bias-driver circuit 
MC304 for optimum temperature stability. 

NOTE: Any unused inputs should be 
connected to V £E . 



MC312F DUAL "NOR" 
?4 



MC312G DUAL "NOR" 
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Integrated Circuits 



MC300 MECL series (continued) 
LOGIC GATES (continued) 



DC ELECTRICAL CHARACTERISTICS v« -o.v„ = - 5.2 voiu.(-u=i%).v,. a -1.25 vde@-55«c 

V|| = —1.15 Vdc @ +25*C 
Unused inputs connected to V„ V„ = - 1 .00 Vdc @ + 125*C 



Test 


Conditions 


Symbol 


-S5°C 


25 




L25°C 


Unit 


min 


max 


min 


max 


min 


max 


Total Unit Power Supply 
Current Drain 


All inputs open 

MC301, MC306 
MC307 

MC309, MC310, MC312 
MC311 


'e 


_ 


8.85 

13.0 
10.1 




8.85 
3.6 

13.0 

10.1 





8.15 
3.3 
12.0 
9.25 


mAdc 


Input Current 


Vlmin @ 25°C 


IlN 






- 


100 








Fan- In 












23 








Fan- Out 












25 








"NOR" OUTPUT - 


All Types 


















"NOR" Logical "1" Output 
Voltage 


Each Input: 
V. = -1.45 Vdc $ -55°C 
Vi{J = -1.35 Vdc +25°C 
Vin = -1.30 Vdcfg +125°C 


v i 


0.825 


0.945 


0.690 


0.795 


0.525 


0.655 


Vdc 


"NOR" Logical "O" Output 
Voltage 


Each Input: 
V in = -0.945 Vdc (a -55°C 
Vjjj = -0.795 Vdc (a *25°C 
Vj^ = -0.655 Vdc(& H25°C 


v 4 


1.560 


1.850 


1.465 


1.750 


1.340 


1.675 


Vdc 


"NOR" Saturation Breakpoint 
Voltage 


dv (NOR) _ „ 
dv in 


V3 




0.40 




0.55 




0.680 


Vdc 


"NOR" Output Voltage Change 
(No load to full load) 


All inputs open 

No load = 0 current at pin 5 

Full load = 2.5 mAdc t5% at pin 5 






0.055 




0.055 




0.060 


Vdc 



"OR" OUTPUT - Types MC301, MC306, MC307 only 



"OR" Logical "1" Output 
Voltage 


Each Input: 
V ln = -0. 945 Vdc @ -55°C 
V ln = -0.795 Vdc (§ +25°C 
Vjn = -0.655 Vdc § ^125°C 


v 5 


0.825 


0.945 


0.690 


0.795 


0.525 


0.655 


Vdc 


"OR" Logical "O" Output 
Voltage 


Each Input: 
Vin = -1-45 v dc § -55°C 
V in = -1.35 Vdc (a +25° C 
V in = -1.30 Vdc & +125°C 


V 2 


1.560 


1.850 


1.465 


1.750 


1.340 


1.675' 


Vdc 


"OR" Output Voltage Change 
(No load to full load) 


No load = 0 current (5 pin 4 
Full load = 2.5 mAdc t 5% at pin 4 
V in = 0-945 Vdc, (a -55°C 
Vin = 0- 795 vdc > @+25°C 
Vjn = 0-655 Vdc, 125°C 


* V 5 




0.055 




0.055 




0.060 


Vdc 
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MC300 MECL series (continued) 
LOGIC GATES (continued) 



SWITCH I NG CHARACTER I STI CS V CC = 0, V lt = -5.2 Volt». (all * 1%) V„ = -1.25 Vdc. V„ = -0.870 Vdc. V t = -1.650 Vdc® -55*C 

V„ = -1.15 Vdc. V„ = -0.750 Vdc, V t = -1.550 Vdc @ +25»C 
The stray capacitance introduced by the test jig wai Vfl _ _i.00Vdc. V H = -0.600 Vdc, V L = -1.450 Vdc @ +125«C 

Cj = (n + 12) pf where n = number of fan-outs. 



Test 


Conditions 


Symbol 


-55°C 


25°C 


125°C 


Unit 


typ 1 max 


typ 


max 


typ 


max 


MC301 


Propagation Delay 
"NOR" Output 


Fan-In - 1, Fan-Out = 1 


*dl 


6.5 


10.0 


6.5 


11.0 


7.5 


14.0 




"OR" Output 


Fan-In = 1, Fan-Out = 1 


l dl 


8.0 


12.0 


8.5 


12.5 


10.0 


15.5 




"NOR" Output 


Fan-In = 1, Fan-Out = 1 


*d2 


7.5 


11.0 


8.0 


12.5 


10.0 


15.5 




"OR" Output 


Fan- In = I, Fan-Out = 1 


«*2 


5.5 


9.0 


6.0 


10.0 


8.0 


12.0 




Rise Time 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 


*r 


8.5 


14.0 


9.0 


14.5 


11.0 


17.5 


- 


"OR" Output 


Fan-In = 1, Fan-Out = 1 




6.5 


9.0 


7.0 










Fall Time 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 


«f 


7.0 


12.0 


7.5 


12.5 


10.0 


15.5 




"OR" Output 


Fan-In = 1, Fan-Out = 1 




7.0 


11.5 


7.5 


_13 1 0_ 


J2±- 






MC306, MC307 - 


"NOR" AND "OR" Output; MC312 - "NOR" Output only 










Propagation Delay 
"NOR" Output 


Fan- In = 1, Fan-Out = 1 


<dl 


5.5 


10.0 


5.5 


10.5 


7.0 


12.5 


nsec 


"OR" Output 


Fan- In = 1, Fan-Out = 1 


*dl 


7.0 


11.0 


7.0 


11.5 


9.5 


14.5 




"NOR" Output 


Fan- In = 1, Fan-Out = 1 


4 d2 


7.0 


10.5 


7.0 


11.0 


9.5 


14.5 




"OR" Output 


Fan-In = 1, Fan-Out = 1 


l d2 


5.5 


10.0 


5.5 


11.0 


7.0 


12.5 




Rise Time 
"NOR" Output 


Fan-In = 1, Fan-Out. = 1 


*r 


7.5 


11.5 


7.5 


12.5 


9.5 


15.0 


nsec 


"OR" Output 


Fan-In = 1, Fan-Out = 1 




6.0 


8.5 


6.0 


10.0 


8.0 


13.0 




Fall Time 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 


*f 


6.5 


12.0 


6.5 


12.5 


9.0 


15.0 


nsec 


"OR" Output 


Fan-In = 1, Fan-Out = 1 




6.5 


10.5 


6.5 


12.0 


9.0 


15.0 




MC309, MC310, MC311 - "NOR" Output only 


Propagation Delay 
Either Output 


Fan-In = 1, Fan-Out = 1 


*dl 


5.5 


10.0 


6.0 


11.0 


7.0 


12.0 


nsec 


Either Output 


Fan- In = 1, Fan-Out = 1 


*d2 


6.5 


13.0 


7.0 


13.5 


9.5 


15.0 




Rise Time 
Either Output 


Fan-In = 1, Fan-Out = 1 


»r 


6.0 


12.0 


6.0 


12.0 


7.0 


13.5 




Fall Time 
Either Output 


Van-In = 1, Fan-Out = 1 


»f 


7.0 


13.0 


7.5 


14.0 


9.5 


17.0 





SWITCHING TIME TEST CIRCUIT 




I -J 



- TO TEKTRONIX ■ 
567 

OR EQUIVALENT X 
INPUT PULSE t, AND t, = 6 nsec ±2 nsec > °^" 

• ~J *-o 



1 



PROPAGATION DELAY 



.. OR n 



i i. 



RISE AND FALL TIME 



- 90% 
-10% 



-50/o Tne fan . in is obtained with 
_ MC305 input expanders, with all 
but the driven input connected 
• t d2 to -1.550 V. 
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Integrated Circuits 

MC300 MECL series (continued) 
LOGIC GATES (continued) 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 



"NOR" OUTPUT 
MC301 






50 




40 








30 






20 



10 15 
n, FAN-OUT 





10 15 
n, FAN-OUT 



50 

| 40 
| 30 
5 20 
10 
0 



0 5 10 15 

n, FAN-OUT 




10 15 20 

n, FAN-OUT 
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Integrated Circuits 

MC300 MECL series (continued) 
LOGIC GATES (continued) 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 
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Integra fed Circuits 

MC300 MECL series (continued) 
LOGIC GATES (continued) 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"NOR" 
MC309,MC310,MC311 
and MC303 "NOR" and "CARRY" _ 55 „ c 

+25°C 



+125°C- 



60 

1 50 
3 40 
| 30 
i 20 
J 10 
0 



tdl 

























































































































10 15 
n, FAN-OUT 




TYPICAL SWITCHING TIME VARIATIONS 
MC306 



10 15 
n, FAN-OUT 



SUPPLY VOLTAGE VARIATION 



1 

t 












1 

t« 






\ 
































t, 










u 


1 

\ 














FAN-0 


JT = 1 


















T A = ZS°C 
NOR OUTPUT 



















4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 
-V... POWER SUPPLY VARIATION (VOLTS) 



FAN-IN VARIATION 




10 12 14 
m, FAN-IN 



LINE DRIVER APPLICATION 



R L RETURNED | R L = 200 

_ TO -2.0 Vdc_R L = °° _ 

C = 150 pf 
T A = 25°C--^ 




10 15 
n, FAN-OUT 



OUTPUT WIRED "OR" FUNCTION 




COMMON OUTPUT EMITTERS (MC307 's) 
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Integrated Circuits 

MC300 MECL series (continued) 



MC303 

HALF-ADDER 



• Provides the "SUM," "CARRY," and "NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of -55°C to +125°C. 

• Average Propagation Delay —6 nsec 



CIRCUIT SCHEMATIC 



LOGIC SPECIFICATIONS 




Ro < Ro < R ° 



" 


MC303 




"- 

















-"SUM" = AB + A 
-"CARRY" = AB 



The "NOR" and "CARRY" outp uts can be 
tied together to provide the "SUM" function. 

If complement inputs are not used an un- 
defined state can occur. When all inputs are 
at a logical "0" Ro has two R E currents which 
saturates the V H transistor. The "SUM" out- 
put goes to —2.3 Volts. The recovery time 
characteristics are shown in the curve below. 



RECOVERY CHARACTERISTICS WITH SIMULTANEOUS "0" 
ON ALL INPUTS 



SWITCHING TIMES TEST CIRCUIT 



1 1 

T A = 25°C 




























































































































































































































































\ /^"SUM" 




















PINS 7 & 9 ARE LOGICAL "0" 

PINS 8 & 10 ARE TIED TOGETHER TO 

PULSE GENERATOR OUTPUT 

















































UNIT UNDER TEST „ NnD „ 
f I fT 




0—, I 5.2 V 

-0.8 L— I 

ON A V in = -0.750 Vdc 



HA- 1 h O | f ± O -t— 

^ / \ MC306 J 

TO TEKTRONIX j — S" " NO-O 

567 _J \ \ 

" EQUIVALENT I _J " 

v— 



e 0 ("NOR" & "CARRY") 




RISE AND 
FALL TIMES 

"CARRY" OUTPUT & 
"NOR" OUTPUT 



•90% 
•10% 



50 70 100 200 
PW. PULSE WIDTH (nsec) 



300 500 700 1000 



tr "SUM" —4 
t r "NOR" 

-WAVEFORM AT INPUT OF "SUM" OUTPUT 

GATE UNDER TEST 
(RISE TIME = 10% to 90% POINT OF POSITIVE GOING WAVEFORMS. 
FALL TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 



t r "SUM" 
t, "NOR" 
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Integrated Circuits 



MC300 MECL series (continued) 



HALF-ADDER (continued) 

ELECTRICAL CHARACTERISTICS v.— «v**i*.vee-o v.. -1.25 vdc« -arc 









V„ = -1.15 Vdc 
V„ = -1.00 Vdc 


S +25»C 

g +125*C L 


nused inputs conne 


cted to V„ 


Test 


Conditions 


Symbol 








Unit 


mm 1 max 


mm | max 


min | max 


DC CHARACTERIST 


ICS 













"NOR" Logical "1" 
Output Voltage 



"NOR" Saturation 
Breakpoint Voltage 

"NOR" Logical "O" 
Output Voltage 



"SUM" Logical "1" 
Output Voltage 



"SUM" Logical "O" 
Output Voltage 



"CARRY" Logical "1" 
Output Voltage 



"CARRY" Logical "O" 



Each Input: 

V m = -1.450 Vdc@ -55°C 

Vjj, = -1.350 Vdc (a *25°C 

V ln = -1.300 Vdc (a +125°C 
dV "NOR"/dv in = 0 for all test temperatures 



Each Input: 
V ln = -0.945 Vdc @ -55°C 
V ln = -0.795 Vdc@ *25 0 C 
V in = -0.655 Vdc@ +125°C 

Each Input: 
V in = -0.945 vdc (S -55°C 
V in = -0.795 Vdc (a + 25°C 
V ln = -0.655 Vdc (a +125°C 

Each Input: 
V ln = r 1.450 Vdc (5 -55°C 
V ln = -1.350 Vdc (a t25°C 
V ta = -1.300 Vdc (g +125°C 

Each Input: 
V^ = -1.450 Vdc (6 -55°C 
V in = -1.350 Vdc (g ^25°C 
V in = -1.300 Vdc (g +125°C 

Each Input: 
V ln = -0.945 Vdc (g -55°C 
V ln = -0.795 Vdc (g .25°C 
V in = -0.655 Vdc (a +125°C 



dv "CARRY'VdVjjj 
All Inputs Open 



■ 0 for all test temperatures 



1.850 
0.400 
15. 30 



0.795 
0.550 



1.750 
0.550 



LOADING CHARACTERISTICS 



"NOR" Output Voltage Change 
Between No Load and Full 
Load Conditions 


All Inputs open 
\ No load = 0 current (pin 5) 
' Full load = 2.5 mAdc (pin 5) 






0.055 




0.055 




0.060 


Vdc 


"CARRY" Output Voltage 
Change Between No Load 
and Full Load Conditions 


All inputs open 

No load = 0 current (pin 6) 

Full load = 2.5 mAdc (pin 6) 


AVi 




0.055 




0.055 




0. 060 


Vdc 


"SUM" Output Voltage Change 
Between No Load and Full 
Load Conditions 


No load = 0 current (pin 4) 
Full load = 2.5 mAdc (pin 4) 
Input (pin 9): 
V^ = -0.925 Vdc @ -55°C 
V ta » -0.795 Vdc@ + 25°C 
V^ = -0.655 Vdc@ + 125°C 


* V 5 




0.055 




0.055 




0.060 


Vdc 



SWITCHING CHARACTERISTICS v H = -o.87ovdc. v L = -i.65ovdc@- 5 5-c 

The stray capacitance introduced by the test jig was V H = -0.750 Vdc. V L = -1.550 Vdc @ +25*C 

C s a (n + 12) pf where n = number of fan-outs. Vh = -O.^OOVdc, V L = -1.450 Vdc @ +125'C 



Propagation Delay Time 








typ 


max 


typ 


max 


typ 


max 
























"SUM" Output 


Fan-In = 1 


, Fan-Out = 1 


*di 


t: 


12.0 


8.0 


12.0 


10.5 


17.0 


nsec 


"NOR" Output 


Fan-In = 1 


Fan-Out = 1 






10.0 


6.0 


11.0 


7.5 


13.0 




"CARRY" Output 


Fan-In = 1 


Fan-Out = 1 


*di 


6.0 


10.0 


6.0 


11.0 


7.5 


13.0 




""SUM" Output 


Fan-In = 1 


Fan-Out = 1 


*d2 


5.5 


8.0 


5.5 


8.5 


7.5 


12.0 




"NOR" Output 


Fan-In = 1 


Fan- Out 1 


l d2 


7.5 


10.5 


7.5 


11.0 


10.0 


15.0 




"CARRY" Output 


Fan-In = 1 


Fan-Out = 1 


td2 


7.5 


10.5 


7.5 


11.0 


10.0 


15.0 




Rise Time 




















nsec 


"SUM" Output 


Fan-In = 1 


Fan-Out = 1 




6.0 


10.0 


6.5 


11.0 


10.0 


16.0 




"NOR" Output 


Fan-In « 1 


Fan-Out - 1 




6.0 


11.5 


6.5 


12.0 


7.5 


14.0 




"CARRY" Output 


Fan-In - 1 


, Fan-Out = 1 


tr 


6.0 


11.5 


6.5 


12.0 


7.5 


14.0 




Fall Time 




















nsec 


"SUM" Output 


Fan-In = 1 


, Fan-Out = 1 


*f 


8.0 


12.5 


8.5 


13.5 


11.0 


18.0 




"NOR" Output 


Fan-In = 1 


, Fan-Out = 1 


*i 


7.5 


12.0 


8.0 


13.5 


10.5 


16.5 




"CARRY" Output 


Fan-In = 1 


, Fan-Out = 1 




7.5 


12.0 


8.0 


13.5 


10.5 


16.5 
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Integrated Circuits 

MC300 MECL series (continued) 



FLIP-FLOPS 



MC302 

DC R-S FLIP-FLOP 



• Performs the Binary Function of "Q" and "Q" 
Outputs at High Speeds over a Temperature 
Range of -55°C to +125°C 



CIRCUIT SCHEMATIC 

3 

OVc c 



LOGIC SPECIFICATIONS 




2 6V EE 

NOTE: Any unused inputs should be connected to V IE . 



When V H is defined as a logical "1" and Vi 
as a logical "0", the function is as follows: 



5 








R 


s 


Q"" 




so— 




— OQ 


0 


1 


1 






MC302 




1 


0 


0 








0 


0 


Q" 


-O 


RO— 




— -OQ 


1 


1 


N.O. 



MC308 

J-K FLIP-FLOP 



• Performs the Single Phase Binary Function of "Q" 
and "Q" Outputs at High Speeds over a Temperature 
Range of -55°C to +125°C 



LOGIC SPECIFICATIONS 



CIRCUIT SCHEMATIC 




2 6v EE 

NOTE: Any unused inputs should be connected to V EE . 



When V H is defined as a logical "1" and V L 
as a logical "0", the function is as follows: 

T K C Q" 




-Oq 



-Oq 



6 


<fi 


0 


Qn 


0 


0 


1 


Q n 


0 


1 


1 


1 




0 


1 


0 


1 


1 


1 


Q" 



Clocked JK Operation 

The J and K inputs refer to logic levels 
while the C input refers to dynamic logic 
swings. The J and R inputs should bechanged 
to a logical "1" only while the C input is in a 
logic "1" state. 

Set-Reset operation is the same as the 
MC302. 



13-70 



Integrated Circuits 

MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 



ELECTRICAL CHARACTERISTICS v EE = - 5 .2Vdc ± i%.v cc = o 

(These characteristics apply to both the MC302 R-S Flip-Flop 
and the MC308 J-K Flip-Flop) 



Test 


Conditions 


Symbol 


-55°C 


25°C 


125°C 


Unit 


min 


max 


min 


max 


min 


max 


DC CHARACTERISTICS 


"Q" or "Q" Logical "1" Output 
Voltage 


Each Input: (Set Input for Q, Reset Input lor Q) 
V^ =-1.45 Vdc § -55°C 
V ta =-1.350 Vdc @ 25°C 
V ln =-1.30 Vdc @ +125°C 


v i 


0.825 


0.945 


0.690 


0.795 


0.525 


0.655 


Vdc 


"Q" or "Q" Logical "0" Output 
Voltage 


Each Input: (Set Input for Q, Reset Input for Q) 
V in = -1.45 Vdc @ -55°C 
V ln = -1.350 Vdc@ 25°C 
V in = -1.30 Vdc@ *125°C 


V 2 


1.560 


1.850 


1.465 


1.750 


1.340 


1.675 


Vdc 


"Q" or "Q" Saturation 
Breakpoint Voltage 


dV "Q'VdVi,, = 0; dV "Q"/dV. n = 0 


V 3 




0.50 




0.65 




0.75 


Vdc 


"Q" or "Q" Latch Voltage 


dVi/dVm = ~ 


v L 


1.16 


1.34 


1.09 


1.21 


0.93 


1.07 


Vdc 


Total Power Supply Current 
Drain (MC302) 


All Inputs Open 


! E 




10.35 




10.35 




9.52 


mAdc 


Total Power Supply Current 
Drain (MC308) 


All Inputs Open 


l E 




21.0 




21.0 




19.5 





LOADING CHARACTERISTICS 



"Q" Output Voltage Change 


All Inputs Open, measured between no load 

and full load 
No load - 0 current (pin 5) 
Full load = 2.5 mAdc t 5% (pin 5) 
V ln (pin 6) = -0.945 Vdc @ -55°C 
Vi„ (pin 6) = -0.795 Vdc @ 25°C 
V in (pin 6) = -0.655 Vdc @ +125°C 


AV X 




0.055 




0.055 




0.060 


Vdc 


"Q" Output Voltage Change 


All Inputs Open, measured between no load and full. 

load. V. at pin 10 for MC302, pin 1 for MC308 
No load - 0 current (pin h 4) 
Full load = 2.5 mAdc - 5% (pin 4) 

Vin = -0.945 Vdc @ -55°C 

v in = -0.795 Vdc § 25°C 

Vi„ = -°- 655 Vdc§+125°C 


A Vj 




0.055 




0.055 




0.060 


Vdc 



TRANSFER CHARACTERISTICS 



-<- 



W)R" 



UNIT 
UNDER 
TEST 



T 



•FOR "Q" TESTS REVERSE "S" & "R" CONNECTIONS 
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■ Integrated Circuits • 



MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC302 

SWITCHING CHARACTERISTICS > 



= = 0, V CE = -5.2 Volts, (all V H = -0.870 Vdc. V L = -1.650 Vdc @ -55*C 

V H = -0.750 Vdc, V L = -1.550 Vdc @ +25*C 
Unused inputs connected to V„ v„ = -0.600 Vdc, V L = -1.450 Vdc @ +125*C 



Test 


Conditions 


Symbol 


-55°C 


25°C 


125°C 


Unit 


Typ 


max 


typ 


max 


typi 


max 


Propagation Delay Time 


Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = I) 


jdr 


9.0 
8.5 


14.0 
14.0 


10.5 
11.5 


16.0 
19.5 


22.0 
16.0 


29.0 
24.0 




Rise Time 


Either Output (Fan-In = 1, Fan-Out = 1) 


t r 


9.0 


15.0 


11.5 


19.0 


23.0 


31.0 




Fall Time 


Either Output (Fan-In = 1, Fan-Out = 1) 




7.0 


13.0 


12.5 


19.5 


18.0 


29.0 


nsec 



SWITCHING TIME TEST CIRCUIT 



SWITCHING TIME TEST PROCEDURE 




1 / F e, or e iS 

— / ^ 6-0 o 

MC306 NOR S 



NOR 
F e, R 



UNIT 
UNDER 
TEST 



/ MC306 



TO TEKTRONIX 
567 

OR EQUIVALENT 



PW 

100 nsec- 
max 



INPUT TO SET 
t r = 6 nsec — 
±2 nsec 
INPoT TO RESET- 



QOUT- 



— DELAY 20 nsec min 



-90% 
-10% 



90% 
•10% 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

-55°C 

+25°C 

+125°C 
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• Integrated Circuits • 



MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC308 



S W ITC H I N G C H AR ACT E R I ST ICS v cc = o. v„ = -5.2 voit». (a n ♦ 1%). v H = -0 87 o v dc . v L = -i.eso Vdc @ - 55 -c 

V H = -0.750Vdc, V L = -1.550Vdc @ +25*C 
The stray capacitance introduced by the test jig was Unused inputs connected to V„ V H = —0.600 Vdc, V L = — 1.450Vdc @ +125*C 

C s = (n + 12) pf where n = number of fan-outs. 



Test 


Conditions 


Symbol 


-5 




2. 


°c 


125°C 


Unit 


typ 


max 


' typ 


max 


typ 


max 


Propagation Delay Time 

Rise Time 
Fall Time 


Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 

Either Output (Fan -In = 1, Fan-Out = 1) 

Either Output (Fan-In = 1, Fan-Out = 1) 


*dr 
*df 

tj 


7.0 
8.5 

6.5 

7.5 


11.5 
14.0 

18.0 

14.5 


7.0 
8.5 

6.5 

8.5 


12.5 
14.5 

18.5 

16.5 


9.5 
10.0 

10.0 

11.5 


18.5 
16.5 

24.0 

21.5 





SWITCHING TIME TEST CIRCUIT 



2N709 /^]_ 

.I. 50 



7 or 8 


UNIT 




9 or 10 


UNDER 


TEST 





- TO TEKTRONIX 
567 

OR EQUIVALENT 



SWITCHING WAVEFORMS 



— |— t r = 6 nsec ±2 nsec 



EITHER OUTPUT - 
EITHER OUTPUT - 



— PW— 



PW ^ 250 nsec 
50% 



-1 



-90% 
-10% 



| 50 

£ 40 
5 

° 30 

I 20 

^ 10 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

-55°C- 
4-25°C 
+125°C' 



tdr 

























































































































10 15 
n, FAN-OUT 





60 




50 


1 


40 






5E TIME 


30 




20 




10 




0 



10 15 
n, FAN-OUT 
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Integrated Circuits 



MC300 MECL series (continued) 
MC305 

GATE EXPANDER 

Designed primarily for use in conjunction 
with the MC306 and 
MC 307 "MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 



ELECTRICAL CHARACTERISTICS 



Test 


Conditions 


Symbol 


-5 


5°C 


2 


5°C 


12 


5°C 


Unit 


mm 


max 


min 


max 


min 


max 


Base Leakage Current 
Input Voltage 

Collector Leakage Current 


V EE = 2.0 Vdc, V cc = 0, 
V BB = -5.2 Vdc 
V CB - 0.7 Vdc, V B = 0, 
1 E = -1.33 mAdc 

V cc = -2 Vdc, V BE = 0. 3 Vdc (all inputs), 
V E E =° 


»BL 

V BE 
'CEX 


0.810 


0.5 
0.880 
1.0 


0.680 


0.5 
0.730 
1.0 


0.490 


5.0 
0.540 
100.0 


/uAdc 
Vdc 
/iAdc 



SWITCHING CHARACTERISTICS 


typ 


max 


typ 


max 


typ 


max 




Propagation Delay 




4 d2 


5.0 
4.0 


8.0 
8.0 


5.0 
4.0 


8.5 
8.0 


5.5 
4.5 


9.5 
10.0 


nsec 


Rise Time 




t r 


8.0 


10.5 


8.5 


11.5 


6.5 


13.0 


nsec 


Fall Time 




*f 


3.0 


8.5 


3.5 


8.5 


4.5 


9.5 


nsec 



SWITCHING TIME TEST CIRCUIT 
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MECL Mc35©series 



Integrated Circuits 



The MECL series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer, mecl 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil- 
ity. The major features of the mecl series are: 

• 5 nsec propagation delay per logic decision 

o Virtually constant noise immunity with 
±10% power supply variation, and tem- 
perature changes from 0 to +75 °C 

o Simultaneous "OR"-"NOR" or "AND"- 
"NAND" outputs 

o High fan-in and fan-out capabilities 

mecl integrated circuits are used in various 
combinations to provide such intermediate sys- 
tem blocks as adders, counters, shift registers, 
decoders, multivibrators, etc. They provide a 
line of monolithic computer circuits designed 
analytically and practically to meet the stringent 
demands of the most advanced computer sys- 
tems. The series is comprised of the following 
elements: 



BASIC MECL CIRCUIT 




FOR LOGICAL "1" INPUT; "NOR" OUTPUT = -1.55 V 
"OR" OUTPUT = -0.75 V 



FOR LOGICAL'^" INPUT; "NOR" OUTPUT - -0.75 V 
"OR" OUTPUT - -1.55 V 



MC351 — A high-speed five-input gate ele- 
ment that provides the positive logic 
"OR" function and its complement si- 
multaneously. 

MC352 — A DC Set-Reset flip-flop with an 
expandable input and the power dissipa- 
tion of only one gate. 

MC353 — A half-adder that provides the 
"SUM", "CARRY", and "NOR" func- 
tion simultaneously. 

MC354 — A bias driver that compensates 
for changes in circuit parameters with 
temperature. 

MC355 — A five-input expander for use with 
the MC352 and the MC356,7. 

MC356.7 — A high-speed expandable three- 
input gate element that provides the 
positive logic "OR" function and its com- 
plement simultaneously. 

MC358 — A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 

MC359, 60,61 — A high-speed dual two- 
input gate element that provides the pos- 
itive logic "NOR" function. 

MC362 — A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 



MECL - A CURRENT MODE SWITCH 

The typical MECL circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor param- 
eters. High fan-out operation is permitted due to the low im- 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple- 
ment available simultaneously. Since the current in the differ- 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
—1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (— ) input. 
If a logical "0" is applied to the (— ) input, the current through 
R E is supplied by the fixed biased transistor. A drop of 800mV 
occurs across Rc2. The "OR" output then is —1.55V, or one 
Wdrop below 800 mV. Since no current flows in the (— ) input 
transistor, the "NOR" output is a V B E-drop below ground, or 
—0.75 volts. When a logical "1" level is applied to the (— ) 
input, the current through R C 2 is switched to the (— ) input 
transistor and a drop of 800mV occurs across Rci. The "OR" 
output then goes to —0.75 volts and the "NOR" output goes 
to -1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 
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Integrated Circuits 

MC350 MECL series (continued) 




10 PIN 12 PIN 10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 

(MC362G ONLY) (MC362F ONLY) 

CASE 71 CASE 98 CASE 72 CASE 83 



FAMILY CHARACTERISTICS 



The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 



designed. All performance curves are based 
on distributional spreads and the minimum- 
maximum ranges can be interpreted for design 
purposes as 10%-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 



MAXIMUM RATINGS (a« 25 o 



Characteristics 


Symbol 


Maximum 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Output Source Current 




10 


mAdc 


Operating Temperature Range 


T A 


0 to +75 


°C 


Storage Temperature Range 


T stg 


-40 to +150 


°c 



Any one of the supply nodes, Vh, Vcc, 
or Vk may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vcc node. In 
such a case: 

Vcc = 0 V.,= -1.15V Vh = -5.2V 



SYSTEM LOGIC SPECIFICATIONS 



The output logic swing of 0.8V then 
varies from a low state of V L = —1.55V 
to a high state of V H = -0.75V with 
respect to ground. 

Positive logic is used when reference is 
made to logical "O's" or "l's". Then 



Dynamic logic refers to a change of 
logic states. Dynamic "0" is a negative 
going voltage excursion and a dynamic 
"1" is a positive going voltage excur- 
sion. 
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Integrated Circuits 

MC350 MECL series (continued) 



DC CHARACTERISTICS FOR MC350 SERIES 



WORST CASE TRANSFER CHARACTERISTICS 

e in (VOLTS) 

1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0 



■ 






-A 










"0" REG 


DN • 




/ f 


"1- RE 


GION 












- 








OX 












k 








/ 


/ 


"0" REG 


ON 






"1" 


REGION 




/ 




■ 






1 


- » 






8 1.6 1 


4 1 


e in (VOLT 
2 1.0 0 


5) 

8 0.6 0 


4 0 


2 0 




DEFINITION OF TRANSFER CHARACTERISTIC POINTS 



-1.350 e,„ -0.795 




25 CPS ^ G \_|7] 



e„ (VOLTS) 



FT 



"O" REGION 

I I i 



+75°C 




"1" REGION^^ , / 

i i r 



12 g 



I I I 
USING MC354 



WORST CASE NOISE MARGIN 

n 



•UUI = 1 

TT 



'O'FANOUT = 1-25 



25 50 
TEMPERATURE (°C) 




25 50 
TEMPERATURE CO 
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Integrated Circuits 



MC350 MECL series (continued) 



MC354 

BIAS DRIVER 



A temperature compensating regulator intended 
for use in conjunction with the MC350 
"MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 
of "MECL" logic systems over a temperature 
range of 0 to +75°C. 



ELECTRICAL CHARACTERISTICS 



Test 


Conditions 


Symbol 


0 


°c 


25°C 


75°C 


Units 




min 


max 


mm 


max 


mm 


max 


Fan-Out 










25 




25 




25 




Output Voltage 


v cc 


= 0, V EE = -5.2 Vdc ± 1%, 


v B b 


1.14 


1.27 


1.09 


1.22 


1.04 


J. 18 


Vdc 


(No Load to Full Load) 


W = 


0 to 2.5 mAdc 


















Power Dissipation 


v cc = 


0, V EE = -5.2 Vdc t 1% 






25 




24 




22 


mW 



CIRCUIT SCHEMATIC CIRCUIT DESCRIPTION 

Circuit Operation: 

The divider network Ri, R Jf Di, D 2 compensates for tem- 
perature variations of the base-emitter voltages of Q,, and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi- 
tions over the temperature range of 0 to +75°C. In addition, 
compensation for power supply variations is achieved, since 
the bias output voltage is derived from the system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the logic system. Thus, if Vcc is grounded in the 
logic system, then — 

Vcc = 0; V E£ = -5.2 V; 

Vm = —1.15 nominal output voltage at 25°C 
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Integrated Circuits 

MC350 MECL series (continued) 



IC351, MC356, MC357, MC359 ±frrui MC362 



LOGIC GATES 



CIRCUIT SCHEMATICS 




MC356/MC357* 3 INPUT 



LOGIC SPECIFICATIONS 



POSITIVE LOGIC 

When V H is defined as a logical "1" and V L as 
a logical "0" the "OR"/"NOR" function is 
performed: 
Single Gate 



F-"NOR"= A+B+C+D+E 
G="OR"=A+B + C + D + E 



G="NOR"=A + B + C 



= "NOR"= D + E + F 



NEGATIVE LOGIC 

Inversely, when V H is defined as a logical "0" 
and V L as a logical "1" the "AND"/"NAND" 
function is performed: 
^ Single Gate 

B ^j — F = "NAND"= A • B • C • D • E 
D — 1 J - G ="AND"-» A • B • C • D • E 



uuai baie 



G = "NAND"= A • B • C 



H ="NAND"= D • E • F 



MC359 DUAL "NOR" MC360 DUAL "NOR" MC361 DUAL "NOR" 




♦Resistors R 0 are omitted in MC357 cir- 
cuits to permit reduction of Power Dissi- 
pation in systems where logic operations 
are performed at circuit outputs. 
EXAMPLE : where (n) gates are to perform 
an "OR" function, one MC356 gate and 
(n-1) MC357 gates can be used to provide 
savings of Power Dissipation in (n-1) gates. 

*Pins 9 and 10 are for use in conjunction 
with the MC355 input expander to in- 
crease the fan-in capability in increments 
of five. 

*To be supplied from bias-driver circuit 
MC354 for optimum temperature stability. 

NOTE : Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in- 
puts they should be connected to V EE . 



MC362F DUAL "NOR" 



MC362G DUAL "NOR" 
3 
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Integrated Circuits 

MC350 MECL series (continued) 



LOGIC GATES (CONTINUED) 



DC ELECTRICAL CHARACTERISTICS: v cc = o. v EE = -5.2 voits, <aii ±1%). v., = -i.i8Vdc@o«c 

V„ = -1.15 Vdc @ +25*C 
V„ = -1.08 Vdc @ +75*C 



Test 


Conditions 


Symbol 


o°c 


25°C 


75°C 


Units 


mm 


max 


mm 


max 


mm 


max 


Total Unit Power Supply 


AH inputs open 


*E 
















Current Drain 


MC351, MC356 






9.25 




8.85 




8.15 






MC357 






3.8 




3.6 




3.3 






MC359, MC360, MC362 






13.55 




13.0 




12.0 






MC361 






10.5 




10.1 




9.25 




Input Current 


v l min<& 25°C 


hn 








100 






LiAdc 


Fan- In 












23 








Fan- Out 












25 









"NOR" OUTPUT - All Types 



"NOR" Logical "O" Output 
Voltage 


Each Input: 
V in = -1.350 Vdc 


Vl 


0.715 


0.850 


0.670 


0.795 


0.590 


0.725 


Vdc 


"NOR" Logical "0" Output 
Voltage 


Each Input: 
V in = -0.850 Vdc @ 0°C 
Vin = -0.795 Vdc (5 25°C 
V ln = -0.725 Vdc @ 75°C 


v 4 


1.570 


1.830 


1.465 


1.700 


1.395 


1.680 


Vdc 


"NOR" Saturation Breakpoint 
Voltage 


dv "NOR" n 


v 3 




0.51 




0.55 




0.63 


Vdc 


"NOR" Output Voltage Change 
(No load to full load) 


All inputs open 

No load = 0 current at pin 5 

Full load =2.5 mAdc t 5% at pin 5 


AV t 




0.055 




0.055 




0.075 


Vdc 


"OR" OUTPUT -Types MC351, MC356, MC357 only 


"OR" Logical "1" Output 
Voltage 


Each Input: 
V ln = -0.850 Vdc (& 0°C 

v in = -°- 795 Vdc @ 25 ° c 
V^ = -0.725 Vdc § 75°C 


V 5 


0.715 


0.850 


0.670 


0.795 


0.590 


0.725 


Vdc 


"OR" Logical "O" Output 
Voltage 


Each Input: 
V^ = -1.35 Vdc 


V 2 


1.570 


1.830 


1.465 


1.700 


1.395 


1.680 


Vdc 


Transition Region Slope 


V "OR" Between: 
-1.400 Vdc and -1.00 Vdc <a 0°C 
-1.350 Vdc and -0.950 Vdc @ 25°C 
-1.250 Vdc and -0.850 Vdc @ 75°C 


V 




0.095 




0.095 






Vdc 


"OR" Output Voltage Change 
(No load to full load) 


No load = 0 current at pin 4 
Full load =2.5 mAdc i 5% at pin 4 
V in = -0.850 Vdc (□ 0°C 
V ln = -0.795 Vdc (& 25°C 
V in = -0.725 Vdc (u 75°C 


* V 5 




0.055 




0.055 






Vdc 
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MC350 MECL series (continued) 
LOGIC GATES (continued) 



SWITCHING CHARACTERISTICS : 



-5.2 Volts, (all *1%). V e8 = -1.18 Vdc, V H = -0.790 Vdc, V L = -1.640 Vdc @ O'C 



The stray capacitance introdu 
C s = (n + 12) pf where n = ru 


ced by the test jig was 
mber of fan-outs. 






1.15 Vdc, V H = -0.750 Vdc. V L = -1.550 Vdc @ + 25«C 
1.08 Vdc, V H = -0.675 Vdc. V L = -1.500Vdc@ +75'C 




Test 


Conditions 


Symbol 


0°C 


25°C 


75"C 


Units 


min | max 


min | max 


min | max 



MC351 (See curves) 



Propagation Delay 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 


'dl 


3.0 
4.0 


10.0 
13.0 


4.0 
5.0 


11.0 
15.0 


5.0 
6.0 


13.0 
17.0 




"OR" Output 


Fan- In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 


tdl 


3.0 
8.0 


12.0 
20.0 


4.0 
9.0 


12.0 
21.0 


5.0 
15.0 


17.0 
58.0 




"NOR" Output 


Fan-In = 1, Fan-Out = 1 
Fan-In - 1, Fan-Out = 10 


l d2 


3.0 
6.0 


11.0 
17.0 


4.0 
7.0 


15.0 
20.0 


5.0 
15.0 


16.0 
50.0 




"OR" Output 


Fan- In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 10 


*d2 


3.0 
3.0 


9.0 
12.0 


4.0 
4.0 


9.0 
12.0 


5.0 
5.0 


11.0 
14.0 




Rise Time 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 




3.0 


12.0 


4.0 


14.0 


5.0 


15.0 




"OR" Output 


Fan- In = 1, Fan-Out = 1 




3.0 


11.0 


4.0 


12.0 


5.0 


14.0 




Fall Time 
"NOR" Output 
"OR" Output 


Fan- In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 1 


*f 


3.0 
3.0 


14.0 
14.0 


4.0 
4.0 


15.0 
15.0 


5.0 
5.0 


16.0 
16.0 




MC356, MC357 - 


- "NOR" AND "OR" Output; MC362 


- "NOR" Output only 








Propagation Delay 
"NOR" Output 


Fan- In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 




3.0 
4.0 


8.0 
11.0 


4.0 
5.0 


5.0 
11.0 


5.0 
6.0 


11.0 
14.0 




"OR" Output 


Fan- In = 1, Fan- Out = 1 
Fan- In = 1, Fan-Out = 10 


l dl 


3.0 
8.0 


9.0 
19.0 


4.0 
9.0 


10.0 
20.0 


5.0 
15.0 


15.0 
37.0 




"NOR" Output 


Fan- In = 1, Fan-Our = 1 
Fan- In = 1, Fan-Out = 10 


*d2 


3.0 
6.0 


10.0 
17.0 


4.0 
7.0 


11.0 
21.0 


5.0 
15.0 


13.0 
36.0 




"OR" Output 


Fan- In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 10 


l d2 


3.0 
3.0 


8.0 
11.0 


3.0 
4.0 


8.0 
11.0 


4.0 
5.0 


11.0 
13.0 




Rise Time 
"NOR" Output 


Fan- In = 1, Fan-Out = 1 


t r 


3.0 


11.0 


4.0 


12.0 


5.0 


15.0 


nsec 


"OR" Output 


Fan-In = 1, Fan-Out = 1 




3.0 


9.0 


3.0 


10.0 


5.0 


11.0 




Fall Time 
"NOR" Output 


Fan- In = 1, Fan-Out = 1 


tf 


3.0 


12.0 


4.0 


14.0 


5.0 


16.0 




"OR" Output 


Fan- In = 1, Fan- Out = 1 




3.0 


11.0 


4.0 


14.0 


5.0 


16.0 




MC359, MC360, 


MC361 - "NOR" Output only 
















Propagation Delay 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 10 


tdl 


3.0 
3.0 


9.0 
11.0 


3.0 
5.0 


10.0 
12.0 


4.0 
6.0 


12.0 
15.0 




"NOR" Output 


Fan- In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 


l d2 


3.0 
6.0 


10.0 
16.0 


5.0 
7.0 


11.0 
19.0 


5.0 
15.0 


14.0 
55.0 




Rise Time 
"NOR" Output 


Fan-In = 1, Fan-Out = 1 


t r 


3.0 


9.0 


4.0 


10.0 


4.0 


12.0 




Fall Time 
"NOR" Output 


Fan- In = 1, Fan-Out = 1 


tf 


3.0 


12.0 


4.0 


14.0 


5.0 


17.0 





SWITCHING TIME TEST CIRCUIT 
UNIT UNDER TEST 




TO TEKTRONIX 
567 

OR EQUIVALENT 



INPUT PULSE t, AND t, ^ 6 nsec 



I— -r -<>~o 

~i } - 



PROPAGATION DELAY 




RISE AND FALL TIME 



-90°o 
-10°= 



The fan-in is obtained with MC355 
input expanders, with all but the 
t d 7 driven input connected to 1 550 V 



13-81 



Integrated Circuits 

MC350 MECL series (continued) 



LOGIC GATES (CONTINUED) 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 
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Integrated Circuits 

MC350 MECL series (continued) 



LOGIC GATES (CONTINUED) 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+75°C 

"OR" OUTPUT o°c "NOR" OUTPUT 

MC356, MC357, MC353 "SUM" MC356, MC357, MC362 
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Integrated Circuits 

MC350 MECL series (continued) 



LOGIC GATES (CONTINUED) 



SWITCHING CHARACTERISTICS 



(10% to 90% distribution) 
"NOR" 

MC359, MC360, MC361, +7; 
and MC353 "OR" and "CARRY" 




u 

t. 












0 












0 












0 

0 
























) - -=*-m 

n 












TYPICAL SWITCHING TIME VARIATIONS 
MC356 



SUPPLY VOLTAGE VARIATION 



1 

t. 


















\ 
































t. 


J 








td 


i 

\ 














FAN-0 


IT = 1 


















T A -Z5°C 
NOR OUTPUT 



















4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 
-V.„ POWER SUPPLY VARIATION (VOLTS) 



FAN-IN VARIATION 




10 12 14 16 18 20 
m, FAN-IN 



LINE DRIVER APPLICATION 



R L = 200 










Rl=« 
























R L RETURfi 


ED TO- 2.0 V 


dc T A = 2! 


°C C = 15 


Dpf td2_ 


















±r- 



5 10 15 

n, FAN-OUT 
OUTPUT WIRED "OR" FUNCTION 




COMMON OUTPUT EMITTERS (MC357' S ) 
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Integrated Circuits 

MC350 MECL series (continued) 



MC353 

HALF-ADDER 



• Provides the "SUM," "CARRY," and "NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of 0 to +75°C. 

• Average Propagation Delay —6 nsec 



CIRCUIT SCHEMATIC 



< 



< 



LOGIC SPECIFICATIONS 



\ 


MC353 




' 















-"SUM" = AB + AB 
■"CARRY" = AB 
■"NOR" =AB 



The "NOR" and "CARRY" outp uts can be 
tied together to provide the "SUM" function. 

If complement inputs are not used an un- 
defined state can occur. When all inputs are 
at a logical "0" R c . has two R s currents which 
saturates the V M transistor. The "SUM" out- 
put goes to —2.3 Volts. The recovery time 
characteristics are shown in the curve below. 
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MC350 MECL series (continued) 



HALF-ADDER (continued) 



ELECTRICAL CHARACTERISTICS •• v EE = -s.2Vdc-i%,v cc = o v, B = -i.i8vdc@o«c 

V„ = -1.15 Vdc @ +25*C 
V, B = -1.08 Vdc @ +75*C 



Test 


Conditions 


Symbol 


o u c 


25 U C 


75 U C 


Units 


min 


max 


min 


max 


min 


max 


DC CHARACTERISTICS 


"NOR" Logical "1" 
Output Voltage 


V in = -1.350 Vdc each input 


v i 


0.715 


0.850 


0.670 


0.795 


0.590 


0.725 


Vdc 


"NOR" Saturation 
Breakpoint Voltage 


dV "NOR" 0 
dV. 
in 


V 3 




0.510 




0.550 




0.630 


Vdc 


"NOR" Logical "0" 
Output Voltage 


Each Input: 
V in = -0.850 Vdc @ 0°C 
V in = -°- 79 5 Vdc@ 25°C 
V ln = -0.725 Vdc @ 75°C 


V 4 


1.570 


1.830 


1.465 


1.700 


1.395 


1.680 


Vdc 


"SUM" Logical "1" 
Output Voltage 


Each Input: 
V ln = -0.850 Vdc @ 0°C 
V^ = -0.795 Vdc @ 25°C 
V ln = -0.725 Vdc @ 75°C 


v 5 


0.715 


0.850 


0.670 


0.795 


0.590 


0.725 


Vdc 


"SUM" Logical "0" 

Output Voltage 
Transition Region Slope 


V in = _l - 350 vdc each ln P ut 
Between: 

V"SUM" = -1-000 and -1.400 Vdc @ 0°C 
V "SUM" = -°- 950 and -1-350 Vdc @ 25°C 
V "SUM" = -°- 850 ^ -I- 250 VAc @ 75 ° c 


V 2 
AV 


1.570 


1.830 
0.095 


1.465 


1.700 
0.095 


1.395 


1.680 
0.105 


Vdc 


"CARRY" Logical "1" 
Output Voltage 


Vj,, = -1.350 Vdc each input 


Vl 


0.715 


0.B50 


0.670 


0.795 


0.590 


0.725 


Vdc 


"CARRY" Logical "0" 
Output Voltage 


Each Input: 
V in = -0-850 Vdc @ 0°C 
V in = -0.795 Vdc (3 25°C 
= -0.725 Vdc § 75°C 


V 4 


1.570 


1.830 


1.465 


1.700 


1.395 


1.680 


Vdc 


"CARRY" Saturation 
Breakpoint Voltage 


dV "CARRY" n 
dV ln 


V 3 




0.510 




0.550 




0.630 


Vdc 


Total Unit Power Supply 
Current 


All Inputs Open 






15.9 




15.30 




14.10 


mAdc 



LOADING CHARACTERISTICS 



"NOR" Output Voltage Change 
Between No Load and Full 
Load Conditions 


All Inputs open 

No load = 0 Current (pin 5) 

Full load = 2.5 mAdc (pin 5) 


AV t 






0.055 




0.055 




0.075 


Vdc 


"CARRY" Output Voltage 
Change Between No Load 
and Full Load Conditions 


All Inputs open 

No load = 0 current (pin 6) 

Full load = 2.5 mAdc (pin 6) 


AV X 






0.055 




0.055 




0.075 


Vdc 


"SUM" Output Voltage Change 
Between No Load and Full 
Load Conditions 


No load = 0 current (pin 4) 
Full load = 2.5 mAdc (pin 4) 
Input (pin 9): 
Vj = -0.850 Vdc § 0°C 
V in = -0.795 Vdc @ 25°C 
V ln = -0.725 Vdc @ 75°C 


* V 5 






0.055 




0.055 




0.075 


Vdc 


SWITCHING CHARACTERISTICS 

The stray capacitance introduced by the test jig was; 
C s = (n + 12) pf where n = number of fan-outs. 




V H 
V h 


= -0.790 Vdc. V L = 
= -0.75O Vdc. V L = 
= -0.675 Vdc. V L = 


-1.640 Vdc @0'C 
-1.550 Vdc @ +25»C 
-1.500 Vdc @ +75-C 






Propagation Delay Time 
"SUM" Output 
"NOR" Output 
"CARRY" Output 


Fan- In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 1 


*di 




3.0 
3.0 
3.0 


12.0 
8.5 
8.5 


4.0 
3.0 
3.0 


12.0 
9.0 
9.0 


5.0 
4.0 
4.0 


17.0 
12.0 
12.0 


nsec 


"SUM" Output 
"NOR" Output 
"CARRY" Output 


Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = I 


& 

*d2 
*d2 




3.0 
3.0 
3.0 


8.0 
9.0 
9.0 


3.0 
4.0 
4.0 


8.5 
10.5 
10.5 


4.0 
5.0 
5.0 


12.0 
14.0 
14.0 




Rise Time 
"SUM" Output 
"NOR" Output 
"CARRY" Output 


Fan- In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 1 


t r 
t r 
t r 




3.0 
3.0 
3.0 


10.0 
9.0 
9.0 


4.0 
4.0 
4.0 


10.5 
10.0 
10.0 . 


5.0 
4.0 
4.0 


15.0 
15.0 
15.0 




Fall Time 
"SUM" Output 
"NOR" Output 
"CARRY" Output 


Fan-In = 1, Fan-Out = 1 
Fan- In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 1 


tf 
l f 
tf 




3.0 
3.0 
3.0 


12.0 
12.0 
12.0 


4.0 
4.0 
4.0 


14.0 
14.0 
14.0 


5.0 
5.0 
5.0 


18.0 
17.0 
17.0 
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MC350 MECL series (continued) 



FLIP-FLOPS 



MC352 

DC R-S FLIP-FLOP 

Performs the Binary Function of "Q" and "Q" 
Outputs at High Speeds over a Temperature 
Range of 0 to +75 *C. 




MC358 

J-K FLIP-FLOP 

Performs the Single Phase Binary Function of "Q" 
and "Q" Outputs at High Speeds over a Temperature 
Range of 0 to +75 °C. 



CIRCUIT SCHEMATIC 

©Vcc 



LOGIC SPECIFICATIONS 




NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con- 
nected to V et . 



When V H is defined as a logical "1" and Vi 
as a logical "0", the function is as follows: 

Is Ks Co Q"" 



KsO- K 

IO- 7 

r-O- K 

Co4-0- T 



-Oq 



-Oq 





<t> 


0 


Q" 


0 


0 


1 


Q" 


0 


1 


1 


1 


1 


0 


1 


0 




1 


1 


Q" 



Clocked JK Operation 

The J$ and K$ inputs refer to logic levels 
while the Co mput refers to dynamic logic 
swings. The Js and Ki inputs would be 
changed to a logical "1" only while the Co 
input is in a logic "1" state. 

Set-Reset operation is the same as the 
MC352. 
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MC350 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

IVIC352, MC358 



ELECTRICAL CHARACTERISTICS: v EE = -5.2Vdc 2=1%, v cc =o 



Test 


Conditions 


Symbol 


ot 


25°C 


75°C 


Units 


min 1 max 


min 


max 


min 


max 


DC CHARACTERISTICS 


"Q" or "Q" Logical "1" Output 
Voltage 


Each Input: 
V in = -1.350 Vdc 


Vl 


0.715 


0.850 


0.670 


0.795 


0.590 


0.725 


Vdc 


"Q" or "Q" Logical "0" Output 
Voltage 


Each Input: 
V ln = -1.350 Vdc 


V 2 


1.570 


1.830 


1.465 


1.700 


1.395 


1.680 


Vdc 


"Q" or "Q" Saturation 
Breakpoint Voltage 


dV "Q'VdVin = 0; dV "Q"/dV in = 0 


v 3 




0.61 




0.65 




0.73 


Vdc 


••^or-Q-'LatchVoltagel^J^ 


dV^dVm * » 
dV/dV^ ro 


V L 
V L 


1.11 
1.11 


1.34 
1.25 


1.09 
1.09 


1.30 
1.21 


1.02 
1.02 


1.23 
1.14 


Vdc 
Vdc 


Total Power Supply Current 


All Inputs Open 


IE 




9.3 




8.90 




8.30 


mAdc 



LOADING CHARACTERISTICS 



"Q" Output Voltage Change 



"Q" Output Voltage Change 



Output Voltage at Max I in 



All Inputs Open, measured between no load 
and full load 

V ln (pin 6) = -0.850 Vdc @ 0°C 
V in (pin 6) =. -0.795 Vdc @ 25°C 
V in (pin 6) = -0.725 Vdc @ 75 C 
No load = 0 current (pin 5) 
Full load =2.5 mAdc ± 5% (pin 5) 

All Inputs Open, measured between no load 

and Full load, V. at pin 10 for MC352, 

pin 1 for MC358 ln 

V, = -0. 850 Vdc @ 0°C 

v} n = -0. 795 Vdc @ 25°C 

V m = -0. 725 Vdc @ 72°C 
No load - 0 current (pin 4) 
Full load = 2.5 mAdc t 5% (pin 4) 

Set "Q" to upper state: 
V in = -0.850 Vdc (pin 6)@ 0°C 
V ln = -0.795 Vdc (pin 6)@ 25~C 
V in = -0.725 Vdc (pin 6) @ 75 C 

Remove V. . Then Input = 
120 pAdc ll% @ 0°C 
100 jiAdc ±1% § 25 C and 75 C 

MC352: MC358: 





Output 


1. Pin 9 

2. Pin 7 

3. Pin 10 

4. Pin 6 


Pin 4 ("Q") 
Pin 5 ("Q") 
Pin 4 ("Q") 
Pin 5 ("Q") 







Output 


1. Pin 1 

2. Pin 6 


Pin 4 ("Q") 
Pin 5 ("Q") 





TRANSFER CHARACTERISTICS 



UNIT 
UNDER 
TEST 



■Q. 

"Q" 



X-Y 
SCOPE 



T 



•FOR "Q" TESTS REVERSE "S" & "R" CONNECTIONS 
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MC350 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC352 



SWITCHING CHARACTERISTICS: v cc = o, > 



E = -5.2 Volts, (all ±l%),V H = -0.79OVdc,V L = -1.640Vdc@0 , C 

V H = -0.750 Vdc, V L = -1.550 Vdc@ +25-C 
V H = -0.675 Vdc,V L = -1.500Vdc@ +75'C 



Test 


Conditions 


Symbol 


0°C 


25"C 


75X 


Units 


mm 


max 


mm 


max 


mm 


max 


Propagation Delay Time 


Either Output (Fan-In = 1, Fan-Out 
Either Output (Fan- In = 1, Fan-Out 


1) 
1) 


|dr 


4.0 
4.0 


10.0 
14.0 


5.0 
5.0 


11.0 
15.0 


6.0 
CO 


17.0 
17.0 




Rise Time 


Either Output (Fan-In = 1, Fan-Out 


1) 


t r 


4.0 


16.0 


5.0 


17.0 


6.0 


18.0 




Fall Time 


Either Output (Fan-In = 1, Fan-Out 


1) 




4.0 


16.0 


5.0 


18.0 


6.0 


21.0 






SWITCHING TIME TEST CIRCUIT 

G 

^ NOR 



Q 



UNIT 
UNDER 
TEST 




SWITCHING TIME TEST PROCEDURE 



100 nsec- 



INPUT TO SET 
TO TEKTRONIX 567 t. ^ 6 nsec 

OR EQUIVALENT 

^C~0 INPUT TO RESET 
Q I / _ QOUT 






60 




50 


1 






40 


g 






30 












20 








10 




0 



SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+75°C 



o°c 



tdr 
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MC350 MECL series (continued) 



FLIP-FLOPS (CONTINUED) 

MC358 

SWITCHING CHARACTERISTICS: v 



= 0. V EE = - 5.2 Volts, (all ±1%), V H = -0.790 Vdc, V L = -1.640Vdc @ O'C 

V H = -O.750 Vdc, V L = -1.550 Vdc @+25«C 
V H = -0.675 Vdc, V L = -1.500 Vdc @ +75"C 



Test 



Symbol 



Propagation Delay Time 



Rise Time 
Fall Time 



Either Output (Fan-In = 1, Fan-Out = 
Either Output (Fan- In = 1, Fan- Out = 



Either Output (Fan-In = 1, Fan-Out = 
Either Output (Fan-In = 1, Fan-Out = 



27.0 
35.0 



SWITCHING TIME TEST CIRCUIT 




SWITCHING WAVEFORMS 

— | — t r ^ 6 nsec 



EITHER OUTPUT- 
EITHER OUTPUT - 



— PW— > 



SWITCHING CHARACTERISTICS 
(10% to 90% di»tribution) 





60 




50 


1 


40 












30 






1 






20 








10 




0 




60 




50 


(nsec) 


40 




30 








20 




10 




0 



tdr 











































































60 




50 




40 








30 


1 


20 




10 







tdf 









































—A 
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MC350 MECL series (continued) 



IVIC355 

GATE EXPANDER 



Designed primarily for use in conjunction 
With the MC356 ana 
MC357 "MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 



ELECTRICAL CHARACTERISTICS 



Test 


Conditions 


Symbol 


o°c 

min max 


25°C 
min max 


75°C 
min max 


Units 


Base Leakage Current 


V EE = " 2 -° Vdc ' V CC = °- 
V BB = -5.2 Vdc 


Ibl 




0.5 




0.5 




2.0 


li Adc 


Input Voltage 


V CB = -0.7 Vdc, V B = 0, 
I £ = -1.33 mAdc 


V BE 


0.730 


0.770 


0.G80 


0.720 


0.580 


0.620 


Vdc 


Collector Leakage Current 


V cc = -2 Vdc, V fiE = 0.3 Vdc 
(All inputs), V EE = 0 


r CEX 




1.0 




1.0 




15.0 


At Adc 



SWITCHING CHARACTERISTICS 



Propagation Delay 




fc dl 


3.0 


8.0 


3.0 


9.0 


4.0 


11.0 








l d2 


3.0 


11.0 


4.0 


11.0 


5.0 


13.0 




Rise Time 




'r 


3.0 


12.0 


4.0 


13.0 


5.0 


15.0 


nsec 


Fall Time 






3.0 


13.0 


4.0 


14.0 


5.0 


16.0 





SWITCHING TIME TEST CIRCUIT 




NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con- 
nected to v EE . 
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Integrated Circuits 

DIGITAL CIRCUIT SERIES 



650G 



imdist rATc Variable Threshold Logic provides a means for 
DUAL J$ -IN PUT GATE varying noise immunity characteristics by varying the 
external supply voltage. This series provides input 
noise immunity as high as 5 volts with logic swings as 



MC 



651F 



DUAL 4-INPUT GATE great as 10 volts. 





12 PIN 
(MCG50G ONLY) 



14 PIN FLAT PACKAGE 
(MC651F ONLY) 



CASE 98 



CASE 72 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply Voltage 


v cc 


+12 


Vdc 


Power Supply Voltage 


v 

EE 


-12 


Vdc 


Input Voltage 


V. 
in 


+12 


Vdc 


Current (All Pins) 




30 


mAdc 


Operating Temperature Range 


T A 


0 to +75 


°C 


Storage Temperature Range 


stg 


-65 to +175 


°C 



CIRCUIT SCHEMATIC AND LOGIC DIAGRAMS 




MC650G 



MC651F 



13-92 



■ Integrated Circuits • 



MC650G, MC651F (continued) 

ELECTRICAL CHARACTERISTICS (Vcc = lOVdc. V EE = -lOVdc. Ta = 0 to +75* unless otherwise noted 



Characteristic 


Figure No. 


Symbol 


Min 


Typ 


Max 


Unit 


Output Saturation Voltage 

(I Qut = 15 mA, All Inputs to V cc ) 




V "0" 
max 


— 


— 


0.725 


Vdc 


Output High Voltage 

(I Qut = -25 /iA, All Inputs to ground) 




V . "1" 
man 


9.65 


— 


— 


Vdc 


Input Leakage Current 

(V. = +10 V) 
in 












5.0 


pAdc 


Input Down Current 

(Inputs individually to ground) 




l F 


- 


- 


3.0 


mAdc 


TRANSFER CHARACTERISTICS 


1 












Output Voltage 

(V TT/ . » = 4.3 V, I . = -25 ptA) 
v IL(min) 'out * ' 




V . 
out 


9.55 


— 


— 


Vdc 


(V IH(max) = 6 - 5 V ' l ont = 15 ^ 






— 




0.750 




Ground DC Noise Immunity 
(Fan-Out « 5) 


9 


V NG 


— 


3. 7 


— 


Vdc 


SWITCHING TIME 


16 












Propagation Delay 
(Fan-Out = 5) 


*d2 




45 




nsec 


Propagation Delay 
(Fan-Out = 1) 




l dl 


— 


55 


— 




Output Capacitance 

(£ = 100 kc, input pins grounded) 




C out 




11 




pf 


Input Capacitance 

(f = 100 kc, input bias = 0 V, unused pins grounded) 




C. 
in 




4 




pf 


Supply Current - Both Gates 














Inputs Open 




T CC 






19 


mAdc 






J EE 






7.5 


mAdc 


Inputs Ground 




J CC 






10.0 


mAdc 






^E 






7.5 


mAdc 


Fan-Out 




n 






5 





TRANSFER CHARACTERISTIC DEFINITIONS 



-OPERATING REGION FOR 
IHPUT LOGIC "ZERO" 



INPUT/OUTPUT TRANSFER CHARACTERISTIC 
VARIATIONS WITH TEMPERATURE 



A"ZER0" 


= V 1L *- 


V OL * 


A "ONE" 


= V OH *- 





•MEASURED VALUES 
t GUARANTEED VALUES 
(NOT TO SCALE) 




WONF't V„,„ 
Voh* "ONE" 




3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
V in (0.5V/CM) 
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MC650G, MC65 IF (continued) 



TYPICAL CHARACTERISTIC CURVES 
INPUT DC NOISE MARGIN versus POWER SUPPLY RATIO 




0.3 1 I I I I 1 1 " 

0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 



l^-l POWER SUPPLY RATIO 
I »ccl 



LOGICAL "0" 

_ T A = 25°C _ 
FAN OUT = 5 




0.75 
I Ml 
IVccI 



1.00 

POWER SUPPLY RATIO 



INPUT DC NOISE MARGIN versus TEMPERATURE 



LOGICAL "I" 

FAN0UT = 5 













10V 
























— 8V 






























6V 
























4V 



25 50 
T A , AMBIENT TEMPERATURE (°C> 



LOGICAL "0" 

FAN0UT = 5 













— 10V 






























8V 
















































4V 



25 50 
T A . AMBIENT TEMPERATURE (°C) 
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MC650G, MC651F (continued) 



POWER DISSIPATION versus POWER SUPPLY RATIO 



GROUND NOISE IMMUNITY versus TEMPERATURE 



200 - 

180 - 

160 - 

140 : 

120 - 

100 - 

80 - 

60 - 

' 40 " 

20 L 



• V CC = 10V 



0.50 0.75 
IVeeI 
|Vcc| 



1.00 

POWER SUPPLY RATIO 



1.25 1.5 1.75 



4.0 

3.5 

§ 3.0 
| 

1 2.5 

I 20 

i i.o 

0.5 
0 , 













- V CC = |V EE | = 10V 


- FAN OUT = 5 










8V 












6V 












4V 









25 50 
T A , AMBIENT TEMPERATURE (°C) 



GROUND NOISE IMMUNITY versus POWER SUPPLY RATIO 




0.75 

|^| , POWER SUPPLY RATIO 



TEST CIRCUITS 



INPUT NOISE MARGIN 



GROUND NOISE IMMUNITY 



GATE SAME AS UNIT 
U NIT UNDER TES T UNDER TEST 




UNIT UNDER GATESAMEAS UNIT 
TEST UNDER TEST 




VARIABLE V EE APPLIED TO 
ALL GATES 



VARIABLE V NS TO UNIT UNDER 
TEST ONLY 



V NS is increased until the 
output goes "high". This is 
defined as the "failure point" 
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MC650G, MC651F (continued) 



PULSE NOISE TESTS 

For a given pulse width, the pulse amplitude is increased until the output goes "high". This is defined as the "Failure Point". 

SIGNAL-LINE NEGATIVE PULSE AMPLITUDE versus PULSE WIDTH 




200 300 
PULSE WIDTH (nsec) 



*Adjust for point A equal to Vcc 



SIGNAL-LINE POSITIVE PULSE AMPLITUDE versus PULSE WIDTH 



_Vcc=|V EE | = 10V_ 



~ FAN OUT = 1 " 
. T A = 25°C _ 



NOTE: Signal line noise immunity 
equals (Pulse Amp. -Vcesat) 



200 300 
PULSE WIDTH (nsec) 




==L — ToUTPUT 
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MC650G, MC651F (continued) 



t d2 PROPAGATION DELAY versus TEMPERATURE 



t dl PROPAGATION DELAY versus TEMPERATURE 





66 




64 




62 




60 


3 


58 




56 




54 




52 








50 




48 




46 




44 




42 




40 





















5 






























































OUT 


- 1 


























- FAA 














-* 






























\ 


cc = 


|Ve 


1 = 
=1 


IV - 
















/ 








ov 
























































FAN 


OUT- 


= 5 




























































1 








































**" 






























































T A , AMBIENT TEMPERATURE l°C) 



25 50 
T A , AMBIENT TEMPERATURE (°C) 



AVERAGE PROPAGATION DE LAY versus POWER SUPPLY RATIO 



SWITCHING TIME TEST CIRCUIT 




PULSE 



E-H RESEARCH 
MODEL 121 
PULSE GENERATOR 
OR EQUIVALENT 

PULSE IN 
OV 




/\ w Lin \i *Cs is tota 
~500nsec \ Vcc 7 luv of test jig, 
H N 1 oscilloscoi 



■^(Vcc=|V EE | = 10V) 
(PRF = 100 KC) 
*Cs is total shunt capacitance 

connectors and active 
oscilloscope probe. 



90%- 
10%- 



FAN 
OUT 


R 


Cs* 


ohms 


Pf 


1 


4K 


4 


5 


800 


20 



RISE TIME versus TEMPERATURE 



1 1 1 1 
























»cc 


_ I'EEI - 




1 


















6 


V— ■ 




-8V 


10 V 

— 1 


























F 


AN 01 


T = 


l 
















































SV.8 


V. 10 


V 


F 


tN 01 


r = 




































v- 














\ 





















FALL TIME versus TEMPERATURE 

T 




T A , AMBIENT TEMPERATURE (°C) 



25 50 
T A , AMBIENT TEMPERATURE (°C) 
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mc652F 
mc652G 



Integrated Circuits 




This VTL R-S flip-flop has two set and two reset in- 
puts, a feature which allows logic operations to be per- 
formed while generating the set and reset functions. A 
shift register may be fabricated from twoMC652 units. 



ELECTRICAL CHARACTERISTICS Vcc = 10 Vdc, Vee = -10 Vdc, Ta = 0 to +75°C 

unless otherwise noted 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output "LOW" Voltage. 
Iq = 12 mA, Ri and R2 = Vqq 
Iq = 12 mA, Si and S 2 = V cc 


Q 

.Q 






0.725 
0.725 


Vdc 
Vdc 


Output "HIGH" Voltage 
IQ = -25 11A, S\ and S 2 = V cc 
Iq = -25 fiA, Ri and R 2 = V cc 


Q 
Q 


9.65 
9.65 






Vdc 
Vdc 


Input Leakage Current 
(V in = +10 Vdc) 








5.0 


\i Adc 


Input "DOWN" Current 
Inputs individually to ground 


h 






3.0 


mAdc 


Ground DC Noise Immunity Voltage 
(Fan- Out = 4) 


V NG 




3.7 




Vdc 


Switching Times, Figure 2 and 3 (Fan-Out = 1) 
Set-Reset Mode 


Jdl 




40 
75 




nsec 
nsec 


DC Set-Reset Mode 


*dl 
*d2 




40 
70 




nsec 
nsec 


Supply Current 
(All Inputs Open) 


*CC 
*EE 






23.0 
7.5 


mAdc 
mAdc 


Input Capacitance 
(£ = 100 kc, Input Bias = O, unused pins grounded) 






3 




pf 


Output Capacitance 
(f = 100 kc, Input pins grounded) 


c out 




14 




pf 


Fan-Out 


n 






4 





CASE 83 

(14-pin flat package) 




CASE 98 

(12-pin) 
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MC652F, MC652G (continued) 
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply Voltage 


v cc 


12 


Vdc 




V EE 


-12 




Input Voltage 


V in 


12 


Vdc 


Current (all pins) 




30 


mAdc 


Operating Temperature Range 


T A 


0 to +75 


°c 


Storage Temperature Range 


T stg 


-65 to +175 


°c 



NOTE: To assure correct biasing apply negative voltage to V,.,,-, pin ONLY. 



CIRCUIT SCHEMATIC 



V cc 8 **Q 8 




*14 pin FLAT PACK 
*12 pin T0-5 



SET - RESET MODE* 



Si 


s 2 


Ri 


R 2 


0" + ' 


0 


X 


0 


X 


Q" 


0 


X 


X 


0 


Q n 


X 


0 


X 


0 


Q" 


X 


0 


0 


X 


Q" 


0 


0 


1 


1 


0 


0 


1 


1 


1 


0 




0 


1 


1 


0 




1 


0 


0 


1 




1 


0 


1 


1 




1 


1 


0 


1 




1 


1 


1 


NA 



X = don't care 

DC SET - RTSET MODE J 



Sdc 






0 


0 


NA 


0 


l 


1 


1 


0 


0 


1 


1 


Q" 



*R dc = S dc - 1 

+(S, + S 2 ) • (R, + R 2 ) = 0 



FIGURE 1 — AVERAGE POWER DISSIPATION versus POWER SUPPLY VOLTAGE 



Vcc = tV EE |(VOLTS) 
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Integrated Circuits 

MC652F, MC652G (continued) 




FIGURE 3 — TEST CIRCUIT PROPAGATION DELAY 
SET-RESET MODE 




(♦■ 10 nsec "H 
• SAME AS V A EXCEPT DELAYED 8 



E-H RESEARCH 
MODEL 139 
PULSE GENERATOR 
OR EQUIVALENT 



DC SET-RESET MODE 

VSjc 




Vcc=|V EE | = 10V 



FAN 
OUT 


Rl 


P.* 


ohms 


Pf 


1 


4K 


4 


4 


IK 


16 



"Delay = 800 nsec, PRF s= 100 kc 

*C, IS TOTAL SHUNT CAPACITANCE OF 
TEST JIG, CONNECTORS AND ACTIVE 
OSCILLOSCOPE PROBE. 

^Adjust for DC level at points A & B 
to equal Vcc 




• SAME AS V A EXCEPT DELAYED 800 nsec 
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MC652F, MC652G (continued) 



FIGURE 4 - "SET" PULSE AMPLITUDE versus PULSE WIDTH 



SET-RESET MODE 

















FAN OUT = 4 

FAN OUT = 1 














Noise Immunit 


1 

y - SET Pulse Amplitude - VcE(, a t) 
-\ 
















Vcc = V EE -- 10V 
















8V 


















6V 
4V 





















50 100 200 300 400 500 

PULSE WIDTH (nsec) 



DC SET-RESET MODE 

















FAN OUT = 4 

FAN OUT = 1 


















i/ EE = io v 
















Vcc = 














8V 


















6V 
















4V 





















50 100 200 300 400 500 

PULSE WIDTH (nsec) 



FIGURE 5 - "SET" PULSE AMPLITUDE versus PULSE WIDTH TEST CIRCUITS 
SET-RESET MODE 



E-H RESEARCH 
MODEL 139 

PULSE 
GENERATOR 

OR EQUIVALENT 



t r = t, = 10 nsec 
P.R.F. = 100 kc 



50%: 
10% / 



TEKTRONIX 567 OSCILLOSCOPE 
OR EQUIVALENT 



K 

P 



UNIT 

UNDER 

TEST 



1 RL 

■j H^w 



H4- 



-Wv — 1 



DC SET-RESET MODE 



E-H RESEARCH 
MODEL 139 

PULSE 
GENERATOR 

OR EQUIVALENT 



FAN 
OUT 


Rl 


c,* 


ohms 


Pf 


1 


4K 


16 


4 


IK 


4 



*C, is total shunt capacitance of 
test jig, connectors and active 
oscilloscope probe 

^Adjust for DC level at S dc 
equal to Vcc 
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mc700G RTL Series 

INDUSTRIAL/COMMERCIAL RTL INTEGRATED CIRCUITS 

The Commercial/ Industrial RTL line consists of a combina- 
tion of Milliwatt RTL (low power) and RTL (medium power) 
devices, and is intended for use in commercia I / industrial ap- 
plications. The loading diagrams are guaranteed over a tem- 
perature range of +15°C to -f 55°C by utilizing a worst-case 
specification. 

MC715G, MC718G, MC726G, 
MC727G, MC799G ONLY 





CASE 96 



CASE 96A 



MILLIWATT RTL — LOW POWER 

ADDER MC708G 

BUFFER MC709G 
LOGIC GATES 

DUAL 2-INPUT GATE MC710G 

4- INPUT GATE MC711G 
DUAL 3-INPUT GATE MC718G 

5- INPUT GATE MC728G 
HALF-ADDER MC712G 
FLIP-FLOP MC713G MC720G 
GATE EXPANDER MC721G 



RTL — MEDIUM POWER 
BUFFER MC700G 
DUAL BUFFER MC799G 
COUNTER ADAPTER MC701G 
FLIP-FLOPS MC726G MC702G MC723G 
LOGIC GATES 

3- INPUT GATE 

4- INPUT GATE 

5- INPUT GATE 
DUAL 2-INPUT GATE 
DUAL 3-INPUT GATE 

HALF-ADDER 
HALF-SHIFT REGISTERS 

MC705G 

QUAD INVERTER 



MC703G 
MC707G 
MC729G 
MC714G 
MC715G 
MC704G 

MC706G 
MC727G 



TYPICAL DESIGN CHARACTERISTICS (Ta = 25°C) 



Ch a r a r to ri <f\ r 


Patinn 


Unit 


Power Dissipation 




mW/ node 


Milliwatt RTL (Low Power) 


3 




RTL (Medium Power) 


20 




Noise Immunity 


300 


mV 


Average Propagation Delay 




nsec 


MC713G 


70 




MC720G 


60 




MC723G 


25 




MC726G 


40 




Average Propagation Delay 




nsec 


(Ring Oscillator Operation) 






MC700G 


15 




MC701G 


20 




MC702G 


10 




MC702G 


10 




MC704G 


10 




MC705G 


20 




MC706G 


20 




MC707G 


10 




MC708G 


50 




MC709G 


25 




MC710G 


25 




MC711G 


25 




MC712G 


50 




MC714G 


10 




MC715G 


10 




MC718G 


25 




MC721G 


25 




MC727G 


10 




MC728G 


25 




MC729G 


10 




MC799G 


15 
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Integrated Circuits 



MC700G (continued) 
GENERAL RULES 

The number of load circuits that may be driven from an output is determined by the 
input loading factor. The summation of input loading should not exceed the drive 
capability of the output. 

All unused inputs should be returned to ground. 

The MC721G is essentially the same as the MC710G with the omission of node resis- 
tors, and is intended only for use with the MC710G, MC711G, and MC718G. 

Vcc is applied to Pin 8 with Pin 4 grounded except on the MC715G and MC718G, where 
Vcc is applied to Pin 10 with Pin 5 grounded. 

Loading diagrams are intended for use when mixing Milliwatt RTL and RTL in sys- 
tem applications. 

LOADING DIAGRAMS 

Valid from +15°C to +55°C with V cc = 3.6 V ± 10% 




MC700S MC701G MC702G MC703G 




MC728G MC729G MC799G 
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900G/MC800G RTLSe 



ries 



MC900G SERIES / MC800G SERIES RTL INTEGRATED CIRCUITS 




The RTL line consists of 
monolithic, integrated 
Resistor-Transistor Logic 
Circuits. The MC900G series 
and MC800G series are de- 
signed for use over the tem- 
perature range of — 55°C to 
+125°C and 0°C to +100°C, 
respectively. 



LOADING DIAGRAMS 

Valid for V cc = 3.0V ±10%; Temperature Range = -55 to +125°C for MC900G series 

0 to +100°C for MC800G series 



JSC 

MC900G, MC800G 





MC902G, MC802G 



MC901G, MC801G 



MC903G, MC803G 



BUFFERS 



MC900G, MC800G 
MC999G, MC899G 

COUNTER ADAPTERS 




MC904G, MC804G 




MC905G, MC805G 



MC901G, MC801G 
HALF-ADDERS 

MC904G, MC804G 
LOGIC GATES 

3- iNPUT GATES 

MC903G, MC803G 

4- INPUT GATES 

MC929G, MC829G 

5- INPUT GATES 
MC929G, MC829G 

DUAL 2-INPUT GATES 

MC914G, MC814G 

DUAL 3-INPUT GATES 

MC915G, MC815G 

HALF-SHIFT 
REGISTERS 



MC905G, MC805G 
MC906G, MC806G 



FLIP-FLOPS 



MC902G, MC802G 
MC916G, MC816G 
MC927G, MC827G 

INVERTERS 



MC927G, MC827G 




MC906G, MC806G 




MC914G, MC814G 




MC916G, MC816G 




MC927G, MC827G 




MC907G, MC807G 




MC915G, MC815G 




MC926G, MC826G 




MC929G, MC829G 




MC999G, MC899G 
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Integrated Circuits 

MC900G/MC800G series (continued) 



MAXIMUM RATINGS <ta = 25-c> 



Characteristic 


Symbol 


Rating 


Unit 


Logic Input Voltage 




±4 


Vdc 


Power Supply Voltage 




+12 


Vdc 


Operating Temperature Range MC900G Series 
MC800G Series 


T A 


-55 to +125 
0 to +100 


°C 


Storage Temperature Range 


T 

stg 


-65 to +150 


°C 


Power Dissipation 


P D 


500 


mW 



TEST CONDITION TOLERANCES 

Viot = ±10 mV Vcc = ±10 mV V in = ±2mV Von = ±2 mV Voff = ±2 mV 



GENERAL RULES 

o The number of load circuits that may be driven from an output is determined by the input loading factor. The sum- 
mation of input loading should not exceed the drive capability of the output. 

o A gate output connected in parallel with another output reduces the drive capability by \ load. (Paralleling gate 
circuits requires a Vcc connection to only one of the gates.) 

o Any number of gates may be paralleled if the input loading is increased by 1/4 load. 

o If the counter adapter is paralleled with another circuit, the output drive capability must be reduced by 2 loads. The 
reason for this drive reduction is the 1280-ohm resistance that connects the output terminals on the counter adapter. 

© All unused inputs should be returned to ground. 



DEFINITIONS 

Us, Ia4, Us Minimum available output current for 
outputs with a loading factor of 
3, 4, and 5 respectively 

I ad Minimum available output current from the 

MC90OG Buffer 

Icex Output leakage current 

lin Maximum input current, with V; n applied 

and a fan-in greater than one 

21 in, 31 in Maximum input current for 2 or 3 bases, 
respectively, with Vin applied 

Viot Maximum input voltage 



Vcc Supply voltage 

Vce Maximum saturation voltage, Vi R applied 

to input 

Vin Minimum high-level voltage ' 

Voff Maximum input voltage that will not turn 

on the transistor 

Von Minimum turn-on voltage 

Vout Maximum output voltage, V on applied 

to input 

Vr Resistor connection to Vcc for output 

voltage reading 



OUTLINE DIMENSIONS 



8 LEAD PACKAGE 




10-LEAD PACKAGE 
MC915G, MC815G, MC926G, MC826G, 
MC927G, MC827G, MC999G, MC899G ONLY 

0.050 . . PJ35 

MAX | | ^-OJUfi r°- 370 " 

DIA 



0.165 
0.185 
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MC900G/MC800G series (continued) 



BUFFERS 



The buffer is designed to drive a greater number of load circuits 
than the basic RTL circuit. Because this circuit has a very low output 
impedance the rise times of output waveforms are maintained when 
driving capacitive loads. A resistor which is internally connected to the 
input allows for capacitive coupling to the input, the differentiation of 
input waveforms, and various multivibrator applications. 



BVIC900G 
MC800G 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 




3 = 7,5* >J X 3 = 7,5* 

•OUTPUTS 5 & 7 MAY NOT BE USED CONCURRENTLY 




IN OUT 



COUNTER ADAPTERS 



This device provides the true output at Pin 7 and the complement 
output at Pin 5 for an input applied to Pin 1. A positive gating signal may 
be applied to Pin 2 to inhibit both outputs. A positive signal applied to 
Pin 3 will hold output Pin 5 at near-ground potential. The output nodes 
are returned separately to the power supply so that the outputs might 
be paralleled with other circuits. 



MO901G 
MO801G 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 




TYPICAL RESISTORS 
Rl£ ^Rl Rl = 4500 Rl J 

> > R2 = 640O \ 

R3 = 800 ft 



7 = 1 + 2 
5 = (1+2)3 




7 = 1*2 
5=T» 2-f 





IN OUT 
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MC900G/MC800G series (continued) 



BUFFERS 



ELECTRICAL CHARACTERISTICS MC900G 



Temperaturel +125 . c 


Test Conditions 


Power Dissipation @ T» = 25'C: Input High: 16 mW typical, 24 mW maximum 
Input Low: 45 mW typical, 52 mW maximum 


Volts 


Ohms 


1.014 


1.014 


1.50 


0.710 


3.00 


680* 


0.844 


0815 


1.50 


0.565 


3.00 


680 • 


0.674 


0.674 


1.50 


0.320 


3.00 


820* 


Characteristic 


v jn 

Pin No. 


Von 

Pin No. 


^BOT 

Pin No. 


v.« 

3 in No. 


Vcc 
'in No. 


V 

F>in No. 


Grounded 
Pin No. 


Open 
Pin No. 


Symbol 
Pin No. 
in( ) 


Test Limits 


Unit 


-55°C 


+25°C 


+ 125°C 


Min 


Max 


Min 


Max 


Min 


Max 


Input Current 


3 








8 






1, 5, 7 


2 I. n (3) 




990 




870 




940 




Output Current 




7 
5 




3 
3 


8 






1,5 
1.7 


W 7 ' 
W 5 > 


2.47 
12.4 




2.54 
12.7 




2. 35 




niAdc 


Output Voltage 




3 
3 






8 


5 


4 


1.7 

1, 5, 7 


V Qut (5) 
V out (7) 




710 
710 




300 
300 




320 
320 


mVdc 
mVdc 


Saturation Voltage 






3 
3 




8 
1,8 


5 


4 
4 
4 


1, 7 
1,5,7 
3, 5,7 


V CE (5) 
V CE (7 > 
V CE (7 > 




200 
200 
200 




210 
210 
210 




280 
280 
280 


mVdc 
mVdc 
mVdc 


Switching Time, 


Pulse 
In 


Pulse 
Out 






8 
8 
8 
8 




4 
4 
4 
4 


1,7 
1,7 
1,5 
1,5 


l 3+5- 
t 3-5 + 
*3+7- 
l 3-7+ 








30 
30 
28 
32 






nsec 


3 
3 
3 


5 
5 
7 



Pins 2 and 6 omitted. ^Resistor Value to V. 



COUNTER ADAPTERS 



ELECTRICAL CHARACTERISTICS g^CSOIG 





Test Conditions 
Volts 






















T . f -55'C 

Temperature l +125 . c 


1.014 


1.014 


1.50 


0.710 


3.00 






















0.844 


0.815 


1.50 


0.565 


3.00 






Power Dissipati 


»n @1 


a = 25*C: 55 mW tvDical. 70mW 


maximum 


0.674 


0.674 


1.50 


0.320 


3.00 




































Symbol 
Pin No. 


Test Limits 






v in 


V on 


^BOT 


v o « 




Grounded 


Open 


-55°C 


+25°C 


+ 125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 






2 




6, 8 


4 


3,5,7 


2 I in (D 




990 




870 




940 


nAdc 




2 




1 




6, 8 


4 


3, 5, 7 


2 I in (2) 




990 




870 




940 


(iAdc 




2 








6, 8 


4 


1,3, 5,7 


2 I. n (2) 




990 




870 




940 


IJAdc 




3 




1 




6, 8 


4 


2,5,7 


I in (3) 




495 




435 




470 


M Adc 


Output Current 




5 




1.3 


6,8 


4 


2,7 


W« 


3.47 




2. 54 




2.35 




mAdc 






2, 5 


1 


3 


6, 8 




7 


W 5) 


2.47 




2. 54 




2. 35 










1.7 






6,8 


4 


2,3,5 


W 75 


2.47 




2. 54 




2.35 










2, 7 






6, 8 


4 


1,3,5 


W 7 > 


2.47 




2.54 




2.35 




mAdc 


Output Voltage 




3 


2 




6,8 


4 


1,5,7 


V nut< 5 > 




710 




300 




320 


mVdc 


Saturation Voltage 




1 




2 


6, 8 




3, 5,7 






200 




210 




280 


mVdc 








2,3 




6,8 


4 


1,5,7 


V CE (5) 




200 




210 




280 


mVdc 










1. 2 


6,8 


4 


3, 5,7 


V CE (7) 




200 




210 




280 


mVdc 


Switching Time 


Pulse 


Pulse 
Out 
































5 
5 






6, 8 
6,8 


4 
4 


2, 3,7 
2,3,7 


l U5- 
l l-5 + 








42 
42 












7 
7 






6, 8 
6, 8 


4 
4 


2, 3, 5 
2,3,5 


w 

h-7- 








38 
36 
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Integrated Circuits 

MC900G/MC800G series (continued) 



BUFFERS 



ELECTRICAL CHARACTERISTICS MC800G 





Test Conditions 
























Volts 


Ohms 






















r n.r 

©Test 

T . \ +25*C 

TemDerature 1 


0.909 


0.909 


1.90 


0.574 


3.00 


080* 






nputHttf>:16mWty 
nput Low :45 m Wtyj 


pical,24mW 


maximum 


0.844 


0.844 


1.50 


0.554 


3.00 


680* 






1 


>ical, 52mWr 


naximum 


0.710 


0.710 


1.50 


0.370 


3.00 


850* 








































Symbol 
Pin No. 


Test Limits 






v, B 


Von 


Vrot 
Pin No. 


V o« 


Vcc 


V 


Grounded 


Open 




+25°C 


+100°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


3 








8 




4 


1,5,7 


2I ln< 3 > 




1.01 




0.90 




0.90 


mAdc 


Output Current 




7 




3 


8 




4 


1,5 


W 7 ' 


2.52 




2.38 




2.25 




mAdc 






5 




3 


8 




4 


1,7 


W 5 > 


12.6 




11.9 




11.25 




mAdc 


Output Voltage 




3 






8 


5 


4 


1.7 






574 




400 




370 


mVdc 






3 






8 




4 


1,5,7 


V out< 7 > 




574 




400 




370 


mVdc 


Saturation Voltage 






3 




8 


S 


4 


1.7 


V CE< 5 > 




290 




260 




340 


mVdc 








3 




8 




4 


1,5,7 


v ce' 7 > 




290 




260 




340 


mVdc 












M 




4 


3, 5,7 


V CE< 7 > 




290 




260 




340 


mVdc 


Switching Time 


Pulae 
In 


Pulae 
Out 
































3 


5 






8 




4 


1,7 


4+5- 








30 






naec 




3 


5 






8 




4 


1,7 


l 3-5+ 








30 






nuec 




3 


7 






8 




4 


1,5 


4 3+7- 








28 






usee 




3 


7 






8 




4 


1,5 


'3-7* 








32 









Plna 2 and 6 omitted. "Reaiator Value to V. 



COUNTER ADAPTERS 



ELECTRICAL CHARACTERISTICS MCSOIG 





Test Conditions 
Volts 




















Temperature [ +100 . c 


0.509 
"0.710 


0.909 


1.50 


0.574 


3.00 

—3JSS- 




Power Dmipat* 


on ® T A - 25*C: 55 mW typical, 70 mW 


maximum 


















Symbol 


Test Limits 




Characteristic 






Vbot 




Vcc 


Grounded 


Open 


Pin No. 
in() 


0°C 


+25'X 


+ 100°C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 






2 




6,8 




3, 5,7 


2 y » 




1.01 




0.90 




0.90 


mAdc 




2 




1 




6,8 




3,5,7 


2 y2) 




1.01 




0.90 




0.90 


mAdc 




2 








6,8 




1, 3, 5, 7 


2 1^(2) 




1.01 




0.90 




0.90 


mAdc 




3 




1 




6,8 




2,5,7 






504 




450 




450 


MAdc 


Output Current 




5 




1,3 


6,8 




2,7 




2. 92 




2.38 




2.25 




mAdc 






2,5 


1 


3 


6,8 




7 




2.52 




2.38 




2.25 




mAdc 






1,7 






6,8 




2,3,5 


W 7 * 


2.52 




2.38 




2.25 




mAdc 






2,7 






6,8 




1,3,5 




2.52 




2.38 




2.25 




mAdc 


Output Voltage 




3 


2 




6,6 




1,5,7 


V o«t< 5 > 




574 




400 




370 


mVdc 


Saturation Voltage 








2 


6,8 




3,5,7 






290 




260 




340 


mVdc 








2,3 




6,8 




1,5,7 


V CE< 5 > 




290 




260 




340 


mVdc 










1,2 


6,8 




3, 5,7 


v CE < 7 ' 




290 




260 




340 


mVdc 


Switching Time 


Pulae 
In 


Pulae 
Out 






























1 


5 






6,8 




2, 3,7 










42 






naec 




1 


5 






6,8 




2, 3,7 


*l-5+ 








42 






naec 




1 


7 






6,8 




2, 3,5 


*l+7+ 








38 






naec 




1 


7 






6,8 




2,3,5 


'1-7- 








36 






naec 
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MC900G/ MC 800 G series (continued) 

The dual buffer is designed to drive a greater number 
of load circuits than the basic RTL circuit. Because this cir- 
cuit has a very low output impedance the rise times of output 
waveforms are maintained when driving capacitive loads. A 
resistor which is internally connected to the input allows for 
capacitive coupling to the input, the differentiation of input 
waveforms and various multivibrator applications. 



LOGIC SYMBOLS AND FUNCTIONS 
10 



RTL 
DUAL BUFFER 



2 = 3, 
7=9, 





2 = 3,4* 
7 = 9,6* 



♦Outputs 3 & 4 or 9 & 6 may not be used concurrently. 
POSITIVE LOGIC NEGATIVE LOGIC 



CIRCUIT DIAGRAM 




SWITCHING TIME TEST CIRCUIT 
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MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS DUAL BUFFERS 







Test Conditions 


Volts 




Ohms 








IV 


1C 






»€ 


»o 


r -55*C 


1.014 






0.710 


3.00 


680* 




















@Te$t 1 +25 . c 
Temperature^ +i25 . c 


0.844 


0.815 


1.50 


























0.674 


0.674 


1.50 


0.320 


3.00 


820* 




































Symbol 
Pin No. 

in() 


Test Limits 




Characteristic 


v in 

Pin No. 


V on 

Pin No. 


Vbot 
Pin No. 


V o« 

Pin No. 


V C c 
Pin No. 


V 

Pin No. 


Grounded 
Pin No. 


-55°C 


+25°C 


+ 125°C 


Unit 




Min 


Max 


Min 


Max 


Min 


Max 




Input Current 


2 
7 








10 
10 




5 
5 


2 W 2 > 
2 W 7 > 




990 
990 




870 
870 




940 


fxAdc 
Mdc 


Output Current 




3 




2 


10 




5 


W 3) 


2.47 




2.54 




2.35 




mAdc 






9 




7 


10 




5 


'as® 


2.47 




2. 54 




2. 35 




mAdc 






4 




2 


10 




5 


! AB {4) 


12.4 




12.7 




11.8 




mAdc 






6 




7 


10 




5 


W 6 > 


12.4 


... 


12.7 


... 


11.8 


... 


mAdc 


Output Voltage 




2 
7 
2 
7 






10 
10 
10 
10 


4 

6 


5 
5 
5 
5 


V OUT< 4 > 

V (6) 
OUT* ' 

V OUT< 3 > 

V OUT< 9 > 




710 




300 




320 


mVdc 

mVdc 
mVdc 


Saturation Voltage 






2 




10 


4 


5 


V CE (4) 




200 




210 




280 


mVdc 








7 
2 




10 
10 


6 


5 
5 


V CE (6) 
V CE< 3) 




200 




210 




280 


mVdc 
mVdc 








7 




10 
1,10 
8,10 




5 
5 
5 


V CE (9) 
V CE< 3) 
V CE< 9) 




200 
200 
200 




210 
210 
210 




280 
280 
280 


mVdc 
mVdc 
mVdc 


Switching Time 


Pulse 
in 


Pulse 
out 






























2 








10 




5 


W 








30 






nsec 




2 


4 






10 




5 










30 






nsec 




2 


3 






10 




5 


*2+3- 








28 






nsec 




2 


3 






10 




5 


4-3. 








32 






nsec 




7 


6 






10 




5 


W 








30 






nsec 




7 


6 






10 




5 


W 








30 






nsec 




7 


9 






10 




5 


4+9- 








28 






nsec 




7 


9 






10 




5 


l 7-9 + 








32 






nsec 



Pins not referenced are open. 
♦Resistor to V rr> 



SWITCHING TIME WAVEFORM 
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Integrated Circuits 

MC900G/MC800G series (continued) 



ELECTRICAL CHARACTERISTICS DUAL BUFFERS 







Test Conditions 


Volts 




Ohms 










mi? j 


£3 


23 


5G 




0.909 


0.909 


1.50 


0.574 


3.00 


680* 




















T @Te f +»'C 

Temperature [ +ioo . c 


0.844 


0.844 


1.50 


0.554 


3.00 


m- 




















0.710 


0.710 


1.50 


0.370 


3.00 


850* 




























V„H 

Pin No. 






Grounded 
Pin No. 


Symbol 
Pin No. 


Test Limits 




Characteristic 


v. n 

PinW 


v„„ 

Pin No. 


v 

Pin No. 


Vcc 
Pin No. 


Vr* 
Pin No. 


0°C 


+25°C 


+100°C 


Unit 




in() 


Min 


Max 


Min 


Max 


Min 


Max 




Input Current 


2 








10 




5 


2 W 2 > 


... 


1.01 


... 


0.90 


... 


0.90 


mAdc 




7 








10 




5 


2I IN (7) 


... 


1.01 


— 


0.90 


... 


0.90 


mAdc 


Output Current 








2 


10 




5 


W 3 > 


2.52 


... 


2.38 


... 


2.25 


... 


mAdc 






9 




7 


10 




5 


W 9 > 


2.52 


... 


2.38 


... 


2.25 


... 


mAdc 










2 


10 




5 


W 4 > 


12.6 


... 


11.9 


... 


11.25 


... 


mAdc 










7 


10 




5 




12.6 


... 


11.9 


... 


11.25 


... 


mAdc 


Output Voltage 




2 
7 
2 
7 






10 
10 
10 
10 


4 

6 


5 
5 
5 
5 


V QUT (4) 
V QUT (6) 

V OUT< 3 > 
V QUT (9) 


... 


574 
574 
574 
574 


... 


400 
400 
400 
400 


... 


370 
370 
370 
370 


mVdc 
mVdc 
mVdc 
mVdc 


Saturation Voltage 






2 
7 
2 
7 




10 
10 
10 
10 

1, 10 
8,10 


4 

6 


5 
5 
5 
5 
5 
5 


V CE< 4 > 

V CE (6) 
V CE (3) 

V CE< 9 > 

v ce< 9 ) 




290 
290 
290 
290 
290 
290 




260 
260 
260 
260 
260 
260 




340 
340 
340 
340 
340 
340 


mVdc 
mVdc 
mVdc 
mVdc 
mVdc 
mVdc 


Switching Time 


Pulse 
in 


Pulse 
out 






























2 


4 






10 




5 


W 








30 






nsec 




2 


4 






10 




5 


4-4. 








30 






nsec 




2 


3 






10 




5 


fc 2+3- 








28 






nsec 




2 


3 






10 




5 


fc 2-3+ 








32 






nsec 




7 


6 






10 




5 


l 7 + 6- 








30 






nsec 




7 


6 






10 




5 


W 








30 






nsec 




7 


9 






10 




5 


W 








28 










7 


9 






10 




5 


4-9 + 








32 









Pins not referenced are open. 

* Resistor to V pr 
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Integrated Circuits 

MC900G/MC800G series (continued) 



HALF-ADDERS 



MC904G 
MC804G 



This half-adder device can be used to supply the "SUM" and 
"CARRY" operations on two input signals. If the inputs are applied to 
Pins 1 and 2, and their complements to Pins 3 and 5, the "SUM" of the 
inputs appears on Pin 7 while the "CARRY" appears on Pin 6. This cir- 
cuit also performs the exclusive "OR" function. 




SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 
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Integrated Circuits 

MC900G/MC800G series (continued) 



HALF-ADDERS 



ELECTRICAL CHARACTERISTICS MC904G 





Test Conditions 
Volts 




















f -55'C 

_ ® TeSt + 25-C 
TemrieratLire 1 
icinpcidiuic ^ + |25«c 


1.014 


1.014 


1.50 


0.710 


3.00 




















0.844 


0.815 


1.50 


0.565 


3.00 






0.674 


0.674 


1.50 


0.320 


3.00 
























Symbol 
Pin No. 


Test Limits 






V in 


v on 


^BOT 


V off 


V CC 


Grounded 


Open 


-55°C 


+25°C 


+125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in ( ) 


Min Max 


Min 


Max 


Min 


Max 




Input Current 


l 


- 


2 


- 


8 


4 


3, 5, 6, 7 






495 




435 




470 


nAdc 




2 








8 






'in* 2 ' 




495 




435 




470 






3 


_ 


5 


_ 


8 




1,2, 6, 7 


r in< 3 > 




495 




435 




470 


nAdc 




5 


- 


3 


- 


8 




1,2, 6,7 


'in* 5 ' 




495 




435 




470 




Output Current 




6 




3,5 


8 




1,2,7 


I A4 (6) 


1.98 




2. 19 




1. 88 










1, 3,7 






8 




2,5,6 


W 7 > 


2.47 




2.54 




2.35 










2,5, 7 






8 




1,3,6 


'as* 7 * 


2.47 




2.54 




2.35 






Output Voltage 




3 






8 




1,2,5, 6,7 


V out< 6) 




710 




300 




320 


mVdc 






5 






8 




1,2,3, 6,7 


V out< 6) 




710 




300 




320 


mVdc 






6 


1.2 




8 




3, 5,7 


V out< 7 > 




710 




300 




320 


mVdc 


Saturation Voltage 






3 




8 




1,2,5, 6,7 


V CE (6) 




200 




210 




280 


mVdc 








5 




8 




1,2,3, 6,7 


v c E ( 6 > 




200 




210 




280 


mVdc 








1,2 


3,5 


8 




6,7 


V CE< 7 > 




200 




210 




280 


mVdc 








3,5 


1,2 


8 




6,7 


V CE< 7 > 




200 




210 




280 


mVdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























3 
3 


6 
6 






8 
8 




1,2,5,7 
1,2,5, 7 


l 3-6+ 








20 
30 






nsec 




1 


7 






8 


4, 6 


2, 3,5 


l l+7+ 








36 






nsec 




1 


7 






8 


4,6 


2, 3,5 


l l-7- 








36 






nsec 



ELECTRICAL CHARACTERISTICS MC804G 





Test Conditions 
Volts 






















0.909 


0.909 


1.50 


0.574 


3.00 




















T«mp« r at U r e | tlM . c 


0.844 


0.844 


1.50 


0.554 


3.00 




Power DiMiMtion @ T A = 25*C: 45 mW typical. 53 mW 


maximum 




0.710 


0.710 


1.50 


0.370 


3.00 




































Symbol 
Pin No. 


Test Limits 




Characteristic 


V in 


V o„ 


v 

BOT 


v o „ 


Vcc 


Grounded 


Open 


0°C 


+25°C 


+ioo°c 


Unit 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Input Current 


l 




2 




8 




3, 5, 6, 7 






504 




450 




450 


MAdc 




2 








8 




3, 5, 6, 7 


V 2 > 




504 




450 




450 


MAdc 




3 




5 




8 




1,2, 6,7 






504 




450 




450 


MAdc 




5 




3 




8 




1,2,6,7 






504 




450 




450 


MAdc 


Output Current 




6 




3,5 


8 




1,2,7 


I A4 (6) 


2. 02 




2.05 




1.80 










1,3,7 






8 




2,5,6 


W 7) 


2.52 




2.38 




2.25 




mAdc 






2,5, 7 






8 




1,3,6 


W 7) 


2.52 




2. 38 




2. 25 






Output Voltage 




3 






8 




1,2,5, 6,7 


V out (6) 




574 




400 




370 


mVdc 






5 






8 




1,2,3, 6,7 


V out (6) 




574 




400 




370 


mVdc 






6 


1,2 




8 




3,5,7 






574 




490 




370 


mVdc 


Saturation Voltage 






3 




8 




1,2,5, 6,7 


v c E ( 6 > 




290 




260 




340 


mVdc 








5 




8 




1,2,3, 6,7 


v c E < 6 > 




J90 




260 




340 


mVdc 








1,2 


3,5 


8 




6,7 


v CE ( 7 > 




MO 




260 




340 


mVdc 








3,5 


1,2 


8 




6,7 


V C E < 7 > 




290 




260 




340 


mVdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























3 


6 






8 




1, 2, 5, 7 


*3+6- 








20 






naec 




3 


6 






8 




1,2, 5,7 


l 3-6+ 








30 






nsec 




1 


7 






8 




2,3,5 


4.7* 








36 






naec 




1 


7 






8 




2, 3,5 


l l-7- 








36 






nsec 



13-113 



Integrated Circuits 



MC900G/MC800G series (continued) 



LOGIC GATES 



MC903G This device provides the "NAND/NOR" function on Pin 6. Individ- 

iljfflf^ J^dfTli^^jf^ ual gate elements may be paralleled or used with other logic elements 
MWa «UrfL^^3^9 for increasing the number of inputs (subject to loading rules). 

3-INPUT "NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




MC907G 
MC8Q7G 

4-INPUT "NAND/NOR" GATES 



This device provides the "NAND/NOR" function on Pin 6. Individ- 
ual gate elements may be paralleled or used with other logic elements 
for increasing the number of inputs (subject to loading rules). 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 
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Integrated Circuits 

MC900G / MC800G series (continued) 

LOGIC GATES 



ELECTRICAL CHARACTERISTICS MC903G 





Test' Conditions 
Volts 




















Temperature| + 125 . c 


1.014 


1.014 


1.50 


0.710 


3 00 




Dissipation (q) T» -■ 


25*C: 














0.844 


0.815 


1.50 


0.565 


3.00 




npui nign; ly myy typical, ii mw 
nput Low: 5mW tyoical. 9 mW ma 


maximum 


0.674 


0.674 


1.50 


0.320 


3.00 




































Symbol 


Test Limits 




Characteristic 


V in 


V on 


v 

BOT 


V off 


Vcc 


Grounded 


Open 


Pin No. 


-55 C 


+25 C 


+ 125 C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


1 




2, 3 




8 


4 




'in' 1 ' 




495 




4 35 




470 






3 




1, 3 
1,2 




a 

8 




G 
6 


'in' 2 ' 
I jn (3) 




495 
495 




435 
435 




470 




Output Current 




c 




1,2, 3 


8 


4 




>A5 (,i) 


2.47 




2. 54 




2. 35 






Output Leakage Current 


6 






1,2,3 








'CEX (6 > 




100 




218 




235 




Output Voltaic 




1 










2, 3, 6 


V ()ut (G) 




710 




300 




320 








2 






8 




1,3,0 


O 61 




710 




300 




320 


m Veil- 






3 






8 


4 


1,2,0 


V out (6 » 




710 




300 




320 




Saturation Voltage 






1 




8 




2, 3, G 


V CE (G) 




200 




210 




280 


niVdc 








2 






4 


1,3,6 


V CE (G) 




200 








280 










3 






4 


1,2,6 


V CE (6) 




200 




210 




280 




Switching Time 


Pulse 
In 


Pulse 
Out 






























2 


6 








4 


1, 3 


l 2^G- 








20 










2 


6 








4 


1, 3 


l 2-6->- 








28 









Pins b and 7 omitted 



ELECTRICAL CHARACTERISTICS SVICSOTG 





Test Conditions 
Volts 






















Temperature [ + 125 . c 


1.014 


1.014 


1.50 


0.710 


3.00 








25°C: 














0.844 


0.815 


1.50 


0.565 


3.00 




Power Dissipation (s> i» = 


input nign: iymw typical, ti mw maximurr 
InDut Low : 5 mW tvDical. 9 mW maximum 


0.674 


0.674 


1.50 


0.320 


3.00 






































Symbol 


Test Limits 






v in 


Von 


^BOT 




Vcc 


Grounded 


Open 


Pin No. 


-55°C 


+25C 


+ 125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 






2, 3, 5 






4 


6, 7 


i in (D 




495 




435 




470 


/JAdc 




2 




1, 3, 5 






4 


6, 7 


I in (2) 




495 




435 




470 


/<Adc 




3 




1, 2, 5 






4 


6, 7 


L n (3) 




495 




435 




470 






5 




1, 2, 3 






4 


6, 7 


I in (5) 




495 




435 




470 




Output Current 




6 




1, 2, 3, 5 




4 


7 


'A5 (6) 


2.47 




2. 54 




2. 35 






Output Leakage Current 


6 






1, 2, 3, 5 






7, 8 


'CEX (6) 




100 




218 




235 


i' Adc 


Output Voltage 




1 






8 


4 


2, 3, 5, 6, 7 


V nut (G) 




710 




300 




320 


mVdc 






2 










1, 3, 5, 6, 7 


V out (6) 




710 




300 




320 


niVdc 






3 






8 


4 


1,2, 5, G, 7 


V out (6) 




710 




300 




320 


mVdc 






5 






8 


4 


1, 2, 3, 6, 7 


V out (6) 




710 




300 




320 




Saturation Voltage 






1 




8 


4 


2, 3, 5, 6, 7 


V CE (6) 




200 




210 




280 


mVdc 








2 




8 


4 


1,3,5,6,7 


V CE (6) 




200 




210 




280 


m Vdc 








3 




8 


4 


1, 2, 5, 6, 7 


V CE< 6 > 




200 




210 




280 










5 




8 


4 


1,2,3,6,7 


V CE< 6 ' 




200 




210 




280 


m Vdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























2 


6 








4 


1, 3, 5, 7 


l 2+6- 








20 










2 


6 






8 




1,3, 5, 7 


l 2-6 + 








28 
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Integrated Circuits 

MC900G/MC800G series (continued) 
LOGIC GATES 



ELECTRICAL CHARACTERISTICS MC803G 





Test Conditions 
Volts 






















Temperature . 

r l+100*C 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 




rower uissipauon ib u = o input nign: ismn typical, ti mrt 
InDUt Low : 5 mW tvDical. 9 mW ma 


maximum 


0.710 


0.710 


1.50 


0.370 


3.00 






































Symbol 
Pin No. 


Test Limits 






v. n 


v on 


V BOT 




v cc 


Grounded 


Open 


0°C 


+25°C 


+ 100°C 




Characteristic 


Pin No. 


Pin°No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


1 




2,3 




8 


4 


6 


i in (D 




504 




450 




450 


MAdc 




2 




1,3 




8 


4 


6 


'in* 2 ' 




504 




450 




450 


MAdc 




3 




1,2 




8 


4 


6 






504 




450 




450 


MAdc 


Output Current 




6 




1,2,3 




4 




W 6 > 


2.52 




2.38 




2.25 




mAdc 


Output Leakage Current 


6 






1,2,3 




4 


8 






100 




225 




225 


MAdc 


Output Voltage 










8 


4 


2,3,6 


V out< 6 > 




574 




400 




370 


mVdc . 






2 








4 


1,3,6 


V out< 6 > 




574 




400 




370 


mVdc 






3 






8 


4 


1,2,6 


V out< 6 > 




574 




400 




370 


mVdc 


Saturation Voltage 










8 


4 


2, 3,6 


v ce< 6 > 




290 




260 




340 


mVdc 








2 






4 


1,3,6 






290 




260 




340 










3 




8 


4 


1,2,6 






290 




260 




340 


mVdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























2 


6 






8 


4 


1,3 


4 2+6- 








20 










2 


6 






8 


4 


1,3 


*2-6+ 








28 









Pins 5 and 7 omitted 



ELECTRICAL CHARACTERISTICS MC807G 





Test Conditions 
Volts 






















@Test f °' C 
_ esi i +25 . c 

Temperature [ +l00 . c 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 




rower Dissipation ® i A = zi'i;: input High: ismw typical, z/mw 

Innut 1 nw 5 mW tvniral Q mW nu 


maximum 


0.710 


0.710 


1.50 


0.370 


3.00 






































Symbol 
Pin No. 


Test Limits 






v. n 


V on 


V BOT 


V off 


Vcc 


Grounded 


Open 


0°C 


+25°C 


+100°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


1 




2,3,5 




8 


4 


6,7 


i in (D 




504 




450 




450 


MAdc 




2 




1,3,5 




8 


4 


6,7 


I in (2) 




504 




450 




450 


MAdc 




3 




1,2,5 




8 


4 


6,7 


I in (3) 




504 




450 




450 


MAdc 




5 




1,2,3 




8 


4 


6,7 


I in (5) 




504 




450 




450 


MAdc 


Output Current 




6 




1,2, 3,5 


8 


4 


7 




2.52 




2.38 




2.25 






Output Leakage Current 


6 






1,2, 3,5 




4 


7, 8 






100 




225 




225 


MAdc 


Output Voltage 




1 






8 


4 


2, 3, 5, 6, 7 


V aut< 8 > 




574 




400 




370 








2 






8 


4 


1, 3, 5, 6, 7 


V «*< 6 > 




574 




400 




370 


mVdc 






3 






8 


4 


1, 2, 5, 6, 7 


V out( 6 > 




574 




400 




370 








5 






8 


4 


1,2,3,6,7 


V out< 6 > 




574 




400 




370 


mVdc 


Saturation Voltage 










8 


4 


2, 3, 5, 6, 7 


v ce( 6 > 




290 




260 




340 


mVdc 








2 




8 


4 


1, 3, 5, 6, 7 






290 




260 




340 


mVdc 








3 




8 


4 


1, 2, 5, 6, 7 


V CE< 6 > 




290 




260 




340 


mVdc 








5 




8 


4 


1, 2, 3, 6, 7 


v c E ( 6 > 




290 




260 




340 


mVdc 


Switching Time 


Pulse 
In 


.Pulse 
Out 






























2 


6 






8 


4 


1, 3, 5, 7 


l 2+€- 








20 










2 


6 






8 


4 


1, 3, 5, 7 


4-6+ 








28 
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Integrated Circuits 

MC900G/MC800G series (continued) 



DTI 

These devices provide the NAND/NOR function on pin ^ *~ 

7. Individual gates may be paralleled with other logic ele- 5-INPUT GATE 

ments for increasing the number of inputs (subject to load- 
ing rules). The MC929G is designed for operation over the _ 

full military range of — 55°C to -) 125°C while the MC829G is BWi f^Cfc ^C| ^ 

guaranteed over a temperature range of 0°C to -}-100°C. ■ ^ « ***** 

IVIC82SG 



LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 



7 = 1+2+3+5+6 = 
I- 2- 3- 5- 6 




= 1-2- 3- 5- 6 = 

1+2+3+5+6 



POSITIVE LOGIC NEGATIVE LOGIC 



SWITCHING TIME TEST CIRCUIT 




6 6 

In Out Ground Unused 

Input Pins 




13-117 



Integrated Circuits 



MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 5-INPUT GATES 







Test Conditions 


Volts 












3* 


92 


IS 




f -55'C 


1.014 


1.014 


1.50 


0.710 


3.00 




















©Test +25 . c 
Temperature I +i2g . c 


0.844 


0.815 


1.50 


0.565 


3.00 




















0.674 


0.674 


1.50 


0.320 


3.00 






















v in 

Pin No. 


V o„ 

Pin No. 


^BOT 

Pin No. 


v o « 

Pin No. 


v cc 

Pin No. 


Grounded 
Pin No. 


Symbol 
Pin No. 


Test Limits 




Characteristic 


-55°C 


+25°C 


+125°C 


Unit 




in() 


Min 


Max 


Min 


Max 


Min 


Max 






1 




2,3,5, 
6 




g 


4 


I (I) 




495 




435 




470 






2 




1,3,5, 
6 




8 


4 


W 2) 




495 




435 




470 


//Adc 




3 




1,2,5, 
6 




8 


4 


I IN 0) 




495 




435 




470 


//Adc 




5 
6 




1,2,3, 
6 

1,2,3, 
5 




8 
8 


4 
4 


I IN (5) 

V 6) 




495 
495 




435 
435 




470 
470 


//Adc 
//Adc 


Output Current 




7 




1,2, 3, 
5,6 


8 


4 


I A5 (7) 


2.47 




2.54 




2.35 




mAdc 


Output Leakage 
Current 


7 






1,2,3, 
5,6 




4 


W 7 > 


... 


100 


— 


218 


... 


235 


//Adc 


Output Voltage 




1 
2 
3 
5 
6 






8 
8 
8 
8 
8 


4 
4 
4 
4 
4 


V OUT< 7) 
V OUT^ 
V OUT^ 
V OUT< 7 > 
V OUT^ 


- — 


710 
710 
710 
710 
710 


— 


300 
300 
300 
300 
300 


... 


320 
320 
320 
320 
320 


mVdc 
mVdc 
mVdc 
mVdc 
mVdc 


Saturation Voltage 






1 
2 
3 
5 
6 




8 
8 
8 
8 
8 


4 
4 
4 
4 
4 


V CE< 7 > 
V CE< 7 > 
V CE< 7 > 
V CE< 7 > 
V CE< 7 > 




200 
200 
200 
200 
200 




210 
210 
210 
210 
210 




280 
280 
280 
280 
280 


mVdc 
mVdc 
mVdc 
mVdc 
mVdc 


Switching Time 


Pulse 
in 


Pulse 
out 




























1 
1 


7 
7 






8 
8 


2,3,4, 
5,6 

2,3,4, 
5,6 


4+7- 

w 








20 
28 






nsec 
nsec 



Pins not referenced are open 



CIRCUIT DIAGRAM 
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Infegraied Circuits 

MC900G/MC800G series (continued) 



ELECTRICAL CHARACTERISTICS 







Test Conditions 


Volts 










BV 


1C 




12 






( O'C 


0.909 


0.909 


1.50 


0.574 


3.00 




















©Test +25 . c 
Temperature I +1QQ . C 


0.844 


0.844 


1.50 


0.554 


3.00 




















0.710 


0.710 


1.50 


0.370 


3.00 






















V in 

Pin No. 


v on 

Pin°No. 


V BOT 

Pin No. 


V 0 ff 

Pin No. 


V C c 
Pin No. 


Grounded 
Pin No. 


Symbol 
Pin No. 


Test Limits 




Characteristic 


0°C 


+25°C 


+100°C 


Unit 




in() 


Min 


Max 


Min 


Max 


Min 


Max 






1 




2,3,5, 
6 




8 


4 


I (1) 
IN 




504 




450 




450 






2 




1, 3, 5, 
6 




8 


4 


I IN (2) 


... 


504 


... 


450 


... 


450 


Mdc 




3 




1,2,5, 
6 




8 


4 


I IN (3) 




504 




450 




450 


fiA.dc 




5 




1,2,3, 
6 




8 


4 


I IN (5) 




504 




450 




450 


(jAdc 




6 




1,2,3, 
5 




8 


4 


I IN (6) 




504 




450 




450 


/jAdc 


Output Current 




7 




1,2, 3, 
5,6 


8 


4 


A5 X ' 


2. 52 




2.38 




2.25 






Output Leakage 
Current 


7 






1,2, 3, 
5,6 




4 


CEX X 




100 




225 




225 




Output Voltage 




1 

2 
3 
5 
6 






8 
8 
8 
8 
8 


4 
4 
4 
4 
4 


W 7) 

V OUT (7) 
V 0UT (7) 
V 0UT (7) 




574 
574 
574 
574 
574 




400 
400 
400 
400 
400 




370 
370 
370 
370 
370 


mVdc 
mVdc 
mVdc 
mVdc 
mVdc 


Saturation Voltage 






1 

2 
3 
5 
6 




8 
8 
8 
8 
8 


4 
4 
4 
4 
4 


V CE< 7 > 
V CE< 7 > 
V CE< 7 > 
V CE< 7 > 
V CE< 7 > 




290 
290 
290 
290 
290 




260 
260 
260 
260 
260 




340 
340 
340 
340 
340 


mVdc 
mVdc 
mVdc 
mVdc 
mVdc 


Switching Time 


Pulse 
in 


Pulse 
out 




























1 


7 






8 


2,3,4, 
5,6 


4+7- 








20 






nsec 




1 


7 






8 


2, 3,4, 
5,6 


4-7+ 








28 






nsec 



Pins not referenced are open. 
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1 nf eg rated Circuits 

MC900G/MC800G series (continued) 



LOGIC GATES 



This gate element consists of two "NAND/NOR" gate circuits that 
can be used in the same manner as the other gate elements. Other 
applications of this circuit include cross-connecting to form a bistable 
multivibrator, or a two-input noninverting gate. 



MC914G 
MC814G 

DUAL 2-INPUT "NAND/NOR" GATES 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

8 

X 



SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 



7=1+2-1.2 
6 = 3+T=3» If 





TYPICAL RESISTORS 
Rl = 4500 
R2 = 640fi 



7=1*2=1+2 
6 = 3TT=3 + 5" 



Ground unused 
i> input pins. 
OUT 




IVIC915G 

This gate element consists of two "NAND/NOR" gate circuits that 
can be used in the same manner as the other gate elements. Other flVS ^ Q r^fc^ 

applications of this circuit include cross-connecting to form a bistable 
multivibrator with two "SET" and two "RESET" inputs, or as a three- 
input noninverting gate. DUAL 3-INPUT "NAND/NOR" GATES 
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Integrated Circuits 

MC900G/MC800G series (continued) 
LOGIC GATES 



ELECTRICAL CHARACTERISTICS SVBC914G 





Test Conditions 
Volts 




















' i +25'C 

Ttmp«raturt| +125 . c 


1.014 


1.014 


1.50 


0.710 


3.00 




















0844 


0815 


1.50 


0 565 




rower Uiuipation Iff u = 23 l,: inpuu mgn: »mn lypicai, »»mn 
InDutiLow: lOmWtvDical. 18mW 




0674 


0674 










































Symbol 
Pin No. 






Test Limits 










"in 


v 


v 

V BOT 


v 

off 


V 

v cc 


Grounded 


Open 


-55°C 


+25°C 


+125°C^ 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 




l 




2 




B 




3, 5, 6, 7 


! ln (1) 




495 




435 




470 


MAdc 




2 


- 




- 


8 




3,5,6,7 


V 2) 




495 




435 




470 


















1,2, 6,7 


! ln (3) 




495 




435 




470 






5 




3 








1,2, 6,7 


I ta (5) 




495 




435 




470 


MAdc 


Output Current 




7 




1.2 


8 




3, 5,6 


W 7 > 


2.47 




2.54 




2.35 




mAdc 






6 




3,5 


a 




1,2,7 


X A5< 6 > 


2.47 




2.54 




2. 35 




mAdc 


Output Lealrage Current . 


6 






3,5 






1,2, 7,8 


W« 




100 




218 




235 






7 






1.2 






3, 5, 6, 8 


W 7 > 




100 


: 


218 




235 


MAdc 


Output Voltage 




1 










2, 3, 5, 6, 7 


V Qut (7) 




710 




300 




320 | mVdc 






2 






8 




1,3, 5, 6,7 


V Qut (7) 




710 




300 




320 


mVdc 






3 






8 




1,2, 5, 6,7 


V Qut (6) 




710 




300 




320 


mVdc 






5 






8 




1,2, 3, 6,7 


V Qut (6) 




710 




300 


_ 


320 


mVdc 


Saturation Voltage 










8 




2, 3, 5, 6, 7 


V CE< 7 > 




200 




210 




280 


mVdc 








2 




8 




1,3, 5, 6,7 


V CE< 7 > 




200 








280 


mVdc 








3 




8 




1, 2, 5, 6, 7 


v ce< 6 > 




200 




210 




280 


mVdc 








5 




8 




1, 2,3,6,7 


V CE< 6 > 




200 




210 




280 


mVdc 


Switching Time 


Pulse 
In 


Pulae 
Out 






























1 
1 


7 
7 






8 
8 




2, 3, 5, 6 
2, 3, 5, 6 


*l+7- 
l l-7 + 




= 




20 
28 









ELECTRICAL CHARACTERISTICS 





Test Conditions 
Volts 




















@ Test f " 55 ' C 

J + 25«C 

Temp S rature[ +125 . c 


1.014 


1.014 


1.50 


0.710 


3.00 




Power Dissipation @ T* = 25*C: Inputs High: 38 mW typical, 54 mW 
Inouts Low: 10 mW troical. 18 mW 




0.844 


0.S15 


1.50 


0.565 


3.00 




naximum 


0.674 


0.674 


1.50 


0.320 


3.00 




































Symbol 
Pin No. 


Test Limits 






v h 


v on 


V»OT 


VoH 


V CC 


Grounded 


Open 


-55°C 


+25°C 


+125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


l 




2,3 




10 


5 


4, 6, 7, 8, 9 


yi) 




495 




435 




470 


MAdc 




2 




1. 3 




10 


5 


4, 6, 7, 8, 9 


i ta (2) 




495 




435 




470 


MAdc 




3 




1.2 




10 


5 


4, 8, 7, 8, 9 


V 3 > 




495 




435 




470 


MAdc 




6 




7,8 




10 


5 


1,2,3, 4,9 






495 




435 




470 


MAdc 




7 




6,8 




10 


5 


1,2,3, 4,9 


V 7 ' 




495 




435 




470 


MAdc 




e 




«,7 




10 


5 


1,2, 3, 4,9 






495 




435 




470 


MAdc 


Output Current 




4 




1,2,3 


10 


5 


8, 7, 8, 9 


X A5< 4 > 


2.47 




2.54 




2.35 










9 




6,7,8 


10 


5 


1,2, 3,4 


W 9 > 


2.47 




2.54 




2.35 






Output Leakage Current 








1, 2,3 




5 


6, 7, 8, 9, 10 


W 4 > 




100 




218 




235 


MAdc 




e 






6,7,8 




5 


1,2, 3, 4, 10 


W 9 > 




100 




218 




235 


MAdc 


Output Voltage 




1 


7 




10 


5 


2, 3, 4, 6, 8, 9 


V Qut (4) 




710 




300 




320 


mVdc 






2 


7 




10 


5 


1,3, 4, 6, 8,9 


V out( 4 > 




710 




300 




320 


mVdc 






3 


7 




10 


5 


1, 2, 4, 6, 8, 9 


V out (4) 




710 




300 




320 


mVdc 






6 


2 




10 


5 


1,3, 4, 7, 8,9 


V Qut (9) 




710 




300 




320 


mVdc 






7 


2 




10 


5 


1,3,4, 6,8,9 






710 




300 




320 


mVdc 






8 


2 




10 


5 


1,3, 4, 6, 7,9 


V out< 9 > 




710 




300 




320 


mVdc 


Saturation Voltage 






1,6 




10 


5 


2, 3, 4, 7, 8, 9 


V CE< 4 > 




200 




210 




280 


mVdc 








2,6 




10 


5 


1. 3. 4, 7, 8, 9 


V CE< 4 > 




200 




210 




280 


mVdc 








3,6 




10 


5 


1, 2, 4, 7, 8, 9 


V CE< 4 > 




200 




210 




280 


mVdc 








1,6 




10 


5 


2, 3, 4, 7, 8, 9 


V CE< 9 > 




200 




210 




280 


mVdc 








1.7 




10 


5 


2, 3, 4, 6, 8, 0 


V CE< 9 > 




200 




210 




280 


mVdc 








1,8 




10 


5 


2, 3,4, 6, 7,9 


V CE W 




200 




210 




280 


mVdc 


Switching Time 


Pulse 

In 


PuUe 
Out 






























2 


4 






10 


5 


1, 3, 6, 7, 8, 9 


'2*4- 








20 










2 


4 






10 


5 


1, 3, 6, 7, 8, 9 


l 2-4+ 








28 
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— Integrated Circuits 

MC900G/MC800G series (continued) 



LOGIC GATES 



ELECTRICAL CHARACTERISTICS MC814G 





Test Conditions 
Volts 




















@T.st r ™ 

Temp»atow| +100 . c 


0.909 


0.909 


1.50 


0.574 


3.00 




Dissipation @ T* » 25'C: 




























wgn: wrnn typical, »inn maximur 
Low: lOmWtvoical. 18 mW maximum 






— 


- 


— |— - 




































Symbol 
Pin No. 






Test Limits 










"in 


v 


V 

v BOT 

Pin No. 


V « 


v 

v cc 
Pin No. 


Grounded 


Open 
Pin No. 


o°c 


+2 


5°C 


+100°C 




Characteristic 


Pin No. 


PinNo. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


1 




2 




8 




3, 5, 6, 7 


i. (i) 

in v ' 




504 




450 




450 


jiAdc 




2 


- 


1 




8 




3, 5, 6, 7 


y« 




504 




450 




450 


MAdc 
















1, 2, 6, 7 


'in"' 




504 




450 




450 


MAdc 




5 




3 




8 




1, 2, 6, 7 






504 




450 




450 


MAdc 


Output Current 




7 




1,2 


8 




3, 5,6 


W 7 ' 


2.52 




2.38 




2.25 










6 




3,5 


8 




1,2,7 


I A5< 6 > 


2.52 




2. 38 




2.25 






Output Leakage Current 


6 






3,5 






1,2,7,8 


W 6 ' 




100 




225 




225 


MAdc 




7 






1.2 






3, 5, 8, 8 


W 7 > 




100 




225 




225 


MAdc 


Output Voltage 










8 




2,3,5,6,7 


V out< 7 > 




574 




400 




370 


mVdc 






2 






8 




1, 3, 5, 6, 7 


V out< 7 > 




574 




400 




370 


mVdc 






3 






8 




1,2, 5, 6,7 


V out< 6 > 




574 




400 




J70 


mVdc 






5 






8 




1, 2, 3, 6, 7 


V out< 6 > 




574 




400 




370 


mVdc 


Saturation Voltage 






1 




8 




2, 3, 5, 6, 7 


v CE < 7 > 




200 




260 




340 


mVdc 








2 








1, 3, 5, 6, 7 


V CE< 7 > 




290 




260 




340 


mVdc 








3 




8 




1,2,5, 6,7 






290 




260 




'340 


mVdc 








5 




8 




1,2,3, 6,7 






280 




260 




340 


mVdc 


Switching Time 


Pulse 
In 
1 


Pulse 
Out 
7 






8 




2, 3, 5, 6 
2, 3, 5, 6 










20 
28 












7 






8 




l U7- 

h-i* .. ... 












nsec 



ELECTRICAL CHARACTERISTICS 

IVIC815G 







Test Conditions 
Volts 
























@ Test f + - 
Temperature | +100 . c 


b~909 


0.909 


1.60 1 


0374 


3.00 






















0.844 
0.710 


0.710 


1.50 


0-554 
0.370" 


JLO0_ 
3.00 




rower mssipaiion <a u - zd-u: i 


purs nign: jsmir typical, Mirni 
iputs Low: 10 mW typical, 18mW 


maximum 
maximum 


















Symbol 
Pin No. 


Test Limits 






v ln 


Von 


V50T 


V„f, 




Grounded 


Open 
Pin No. 


0°C 


+25°C 


+10 


O'C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


l 




2,3 




10 


5 


4, 6, 7, 8, 9 


'in' 1 ) 




504 




450 




450 


MAdc 




2 




1, 3 




10 


5 


4, 6, 7, 8, 9 






504 




450 




450 


MAdc 




3- 




1.2 




10 


5 


4, 6, 7, 8, 9 


y« 




504 




450 




450 


MAdc 




6 




7,8 




10 


5 


1,2, 3, 4,9 






504 




450 




450 


MAdc 




7 




6,8 




10 


5 


1, 2, 3, 4, 9 


I in (7) 




504 




450 




450 






8 




6,7 




10 


5 


1,2,3,4,9 






504 




450 




450 


MAdc 


Output Current 




4 




1,2,3 


10 


5 


6, 7, 8, 9 




2.52 




2. 38 




2.25 










9 




6,7,8 


10 


5 


1,2, 3,4 




1.52 




2.38 




2.25 






Output Leakage Current 


4 






1,2,3 




5 


6, 7, 8, 9, 10 






100 




225 




225 


MAdc 




9 






6, 7,8 




5 


1,2,3,4,10 


W 9 > 




100 




225 




225 


MAdc 


Output Voltage 




1 


7 




10 


5 


2,3,4,6,8,9 


V out (4) 




574 




400 




370 


mVdc 






2 


7 




10 


5 11,3,4,6,8,9 


V out«> 




574 




400 




370 


mVdc 






3 


7 




10 


5 


1, 2, 4, 6, 8, 9 






674 




400 




370 


mVdc 






6 


2 




10 


5 


1,3,4, 7, 8,9 


V out< 9 > 




574 




400 




370 


mVdc 






7 


2 




10 


5 


1, 3,4, 6, 8,9 


V out< 9 > 




574 




400 




370 


niTVdc 






8 


2 




10 


5 


1,3,4, 6,7,9 






574 




400 




370 


mVdc 


Saturation Voltage 






1,6 




10 


5 


2, 3,4, 7, 8, 9 


V CE<*> 




290 




260 




340 


mVdc 








2,6 




10 


5 


1, 3, 4, 7, 8, 9 


v c E W 




290 




260 




340 


mVdc 








3,6 




10 


5 


1,2,4,7, 8,9 






290 




260 




340 


mVdc 








1.8 




10 


5 


2,3, 4, 7,8,9 


W 9 ' 




290 




260 




340 


mVdc 








1.? 




10 


5 


2, 3, 4, 6, 8, 9 


V CE< 9 > 




290 




260 




340 


mVdc 








1,8 




10 


5 


2, 3, 4, 6, 7, S 


V CE < 9 >. 




290 




260 




340 


mVdc 


Switching Time 


Pulse 

In 


Pulse 
Out 






























2 


4 






10 


5 


1,3,6,7,8,9 










20 










2 


4 






10 


5 


1,3,6,7,8,9 


♦2-4, 














nsec 



13-122 



Integrated Circuits 

MC900G/MC800G series (continued) 



HALF-SHIFT REGISTERS 



MC905G This half-shift register consists of three input RTL gate circuits and 

jstm (f^Qiinirrjr^ two output RTL gate circuits cross-connected to form a bistable storage 
■VII ^^mJ>%&^0%JP unit. A gating signal is applied to the three input gate circuits. Logic in- 
puts are supplied to Pins 1 and 3, with the gate signal on Pin 2 con- 
trolling these inputs. The complement of the gating signal is furnished 
at Pin 6. Information is shifted into the storage unit by applying near- 
ground logic levels at the inputs. For example, the logic levels appearing 
at Pins 1 and 3 will be transferred to Pins 7 and 5 respectively when the 
gate signal on Pin 2 goes to the condition of near-ground potential. Low 
logic levels on all three inputs will cause low logic levels at both outputs. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 




MC906G 
MC806G 

(WITHOUT INVERTER) 



This half-shift register consists of two input RTL gate circuits and 
two output RTL gate circuits cross-connected to form a bistable storage 
unit. A gating signal is applied to the two input gate circuits. Logic inputs 
are supplied to Pins 1 and 3, with the gate signal on Pin 2 controlling 
these inputs. Information is shifted into the storage unit by applying 
near-ground logic levels at the inputs. For example, the logic levels ap- 
pearing at Pins 1 and 3 will be transferred to Pins 7 and 5 respectively 
when the gate signal on Pin 2 goes to the condition of near-ground po- 
tential. Low logic levels on all three inputs will cause low logic levels at 
both outputs. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




POSITIVE LOGIC 
7 = 5(1+2) 



SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 




Ground unused 
i input pins. 
OUT 



Typical Resistors 
Rl = 450 ohms 
R2 = 640 ohms 
R3 = 800 ohms 




0.5 V 0.5 V 



13-123 



Integrated Circuits 

MC900G/MC800G series (continued) 



HALF-SHIFT REGISTERS 
ELECTRICAL CHARACTERISTICS MC905G 







Test Conditions 






























Volts 


























©Test f" 55 * C 
^ iesT i +25 . c 

Temperature 1 ^.--.^ 

r 1+125 C 


1.014 


1.014 


1.50 


0.710 


3.00 






















0.844 


0.815 


1.50 


0.565 


3.00 






Pnwfr ni««irutinn fr!) T. — 0^ 


*C:53 




maximum 


0.674 


0.674 


1.50 


0.320 


3.00 




































Symbol 


Test Limits 




Characteristic 


V. 
in 


on 


;bot 


. ° K 


*cc 


Grounded 


Open 


Pin No. 


-55°C 


+25°C 


+ .25°C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


IMin 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


1 


— 


2 


— 


8 


4 


3, 5, 6, 7 


'in* 1 ' 


— 


495 


— 


.435 


— 


470 


(iAdc 




2 


— 


1,3 


— 


8 


4 


5,6,7 


3 I ta (2) 














mAdc 






— 


2 


— 






1, 5, 6, 7 


'in* 3 ' 




495 




435 




470 


nAdc 


Output Current 


— 


2,5 


_ 


_ 


8 


4,7t 


1,3,6 




1.98 




2. 19 




1.88 




mAdc 




— 


3,5 


_ 


_ 


8 


4 


1, 2, 6, 7 


I A4 (5) 


1.98 




2. 19 




1.88 




mAdc 




— 


6 


_ 


2 


8 


4 


1, 3, 5, 7 




2.47 




2.54 




2.35 




mAdc 




— 


2,7 


- 


- 


8 


4,5t 


1,3,6 


W 7 ' 


1.98 




2. 19 




1.88 




mAdc 




- 


If 7 






8 


4 


2, 3, 5, 6 


W 7 * 


1.98 




2.19 




1.88 




mAdc 


Output Voltage 




7 


2,3 




8 


4 


1,5,6 


V out( 5 > 




710 




300 




320 


mVdc 






2 






8 


4 


It 3, 5, 6, 7 


V out< 6 > 




710 




300 




320 


mVdc 






5 


1,2 




8 


4 


3, 6,7 


V out< 7 > 




710 




300 




320 


mVdc 


Saturation Voltage 






1,2,3 




8 


4,5t 


6, 7 


V CE< 5 > 




200 




210 




280 


mVdc 










2,3 


8 


4,7 


1,5,6 


V CE< 5 > 




200 




210 




280 


mVdc 








2 




8 


4 


1, 3, 5, 6, 7 


v ce< 6 > 




200 




210 




280 


mVdc 








1,2,3 




8 


4,7t 


5, 6 


V CE< 7) 




200 




210 




280 


mVdc 










If 2 


8 


4,5 


3, 6,7 


V CE< 7 > 




200 




210 




280 


mVdc 


Switching Time 


Pulse 


Pulse 






























In 


Out 






























1 


7 






8 


4,5 


2, 3,6 


l l+7+ 








40 










1 


7 






8 


4,5 


2,3,6 


l l-7- 








40 










2 


6 






8 


4 


1, 3, 5, 7 


l 2+6- 








28 










2 


6 






8 


4 


1, 3, 5, 7 


l 2-6 + 








24 









t Silicon Diode to Ground 



ELECTRICAL CHARACTERISTICS MC906G 





Test Conditions 
Volts 






















©Test f~ 55 ' C 
v- lesT i +25 . c 

Temperature [ +125 . c 


1.014 


1.014 


1.50 


0.710 


3.00 






















0.844 


0.815 


1.50 


0.565 


3.00 






Power Dissipation @ T 


a =25*C: 36 mW typical, 43 mW 


naximum 


0.674 


0.674 


1.50 


0.320 


3.00 






































Symbol 
Pin No. 


Test Limits 




Characteristic 


v in 


V o„ 


v BOT 


V off 


V CC 


Grounded 


Open 


-55°C 


+25°C 


+125°C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 




Unit 


Input Current 


l 




2 




8 


4 


3, 5, 6, 7 


y« 




495 




435 




470 


MAdc 




2 




1,3 




8 


4 


5, 6,7 


2 I ln (2) 




990 




870 




940 


MAdc 




3 




2 




8 


4 


1, 5, 6, 7 






495 




435 




470 


MAdc 


Output Current 




2,5 






8 


4,7t 


1,3,6 




1.98 




2.19 




1.88 




mAdc 






3,5 






8 


4 


1,2, 6,7 


I A4 (5) 


1.98 




2.19 




1.88 




mAdc 






2,7 






8 


4,5t 


1,3,6 


W 7 > 


1.98 




2.19 




1.88 










If 7 






8 


4 


2, 3, 5, 6 


W 7 > 


1.98 




2.19 




1.88 






Output Voltage 




7 


2,3 




8 


4 


1,5,6 


V out< 5 > 




710 




300 




320 


mVdc 






5 


If 2 




8 


4 


3, 6,7 


V out< 7 > 




710 




300 




320 


mVdc 


Saturation Voltage 






1, 2, 3 




8 


4,5t 


'6,7 


V CE< 5 > 




200 




210 




280 


mVdc 










2,3 


8 


4, 7 


1,5,6 


V CE< 5 > 




200 




210 




280 


mVdc 








1,2,3 




8 


4,7t 


5,6 


V CE< 7 > 




200 




210 




280 


mVdc 










1,2 


8 


4,5 


3, 6, 7 


V CE< 7 > 




200 




210 




280 


mVdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























1 


7 






8 


4,5 


2, 3,6 


h+7+ 








40 






nsec 




1 


7 






8 


4,5 


2, 3,6 


l l-7- 








40 






nsec 



t Silicon Diode To Ground 



13-124 



Integrated Circuits 

MC900G / AAC800G series (continued) 
HALF-SHIFT REGISTERS 



ELECTRICAL CHARACTERISTICS MC805G 





Test Conditions 
Volts 






















@ TeSt \ + 25'C 

Temperature 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 






Power Dissipatia 




» = 25 


•C:53 


mW typical. 64 mW maximum 


0.710 


0.710 


1.50 


0.370 


3.00 




































Symbol 
Pin No. 


Test Limits 






v in 


V cn 


^BOT 


V o« 


v cc 


Grounded 


Open 


0°C 


+25 C C 


+ 100°C 


II 't 

m 


Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Input Current 


l 




2 




8 




3,5,6,7 


l in (D 




504 




450 




450 


(J Adc 




2 




1, 3 




8 


4 


5,6,7 


3 i. n (2) 




1.51 




1.35 




1.35 


mAdc 




3 




2 






4 


1,5, 6,7 


I in (3) 




504 




450 




450 




Output Current 
pu urren 




2, 5 






8 


4,7t 


1,3,6 


I M (5) 


2.02 




2.05 




1.80 










3,5 






8 


4 


1,2, 6,7 


I A4 (5) 


2.02 




2.05 




1.80 










6 




2 


8 


4 


1, 3,5, 7 




2.52 




2. 38 




2.25 










2,7 






8 


4,5t 


1,3,6 


W 7 ' 


2.02 




2.05 




1.80 




mAdc 






1,7 






8 


4 


2,3,5,6 


W 7 > 


2.02 




2.05 




1.80 






Output Voltage 




7 


2,3 




8 


4 


1,5,6 


V out (5) 




574 




400 




370 


mVdc 






2 






8 


4 


1, 3,5, 6, 7 


V Qut (6) 




574 




400 




370 


mVdc 






5 


1,2 




8 


4 


3, 6, 7 


V out (7) 




574 




400 




370 


mVdc 


Saturation Voltage 






1,2, 3 




8 


4,5t 


6,7 


v CE < 5 > 




290 




260 




340 


mVdc 










2, 3 


8 


4,7 


1,5,6 


V CE (5 > 




290 




260 




340 


mVdc 








2 




8 


4 


1, 3, 5, 6, 7 


V CE< 6) 




290 




260 




340 


mVdc 








1,2, 3 




8 


4,7t 


5,6 


V CE< 7) 




290 




260 




340 


mVdc 










1,2 


8 


4,5 


3, 6,7 


V CE< 7) 




290 




260 




340 


mVdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























1 


7 






8 


4,5 


2, 3, 6 


l l+7+ 








40 










1 


7 






8 


4,5 


2, 3,6 


l l-7- 








40' 






nsec 




2 


6 






8 


4 


1, 3, 5, 7 


4+6- 








28 






nsec 




2 


6 








A 


1,3, 5,7 


'2-6. 








24 









t Silicon Diode to Ground 



ELECTRICAL CHARACTERISTICS 







Test Conditions 






























Volts 


























Temperature [ +10Q . C 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 






Power Dissipation @ T 


a = 25 


•C:36mW typical. 43 mW 




0.710 


0.710 


1.50 


0.370 


3.00 






































Symbol 


Test Limits 






V in 


V on 


v BOT 


V o« 


V CC 


Grounded 


Open 


Pin No. 


0° 


c 


+25°C 


+ 100°C 


Unit 


Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Input Current 


1 




2 




8 


4 


3, 5, 6, 7 


I in< 1 ^ 




504 




450 




450 


uAdc 




2 




1, 3 




8 


4 


5, 6,7 


2 L n (2) 




1010 




900 




900 






3 




2 




8 


4 


1, 5, 6, 7 


I in (3) 




504 




450 




450 


uAdc 


Output Current 




2,5 






8 


4,7t 


1,3,6 


I A4 (5) 


2.02 




2.05 




1.80 




mAdc 






3,5 






8 


4 


1, 2, 6, 7 


I A4< 5) 


2.02 




2.05 




1.80 




mAdc 






2, 7 






8 


4,5 t 


1,3,6 


W 7 ' 


2.02 




2.05 




1.80 




mAdc 






1, 7 






8 


4 


2, 3, 5, 6 


W 7 > 


2.02 




2.05 




1.80 




nAdc 


Output Voltage 




7 


2,3 




8 


4 


1,5,6 


V out< 5) 




574 




400 




370 


mVdc 






5 


1,2 




8 


4 


3, 6,7 


V out< 7 > 




574 




400 




370 


mVdc 


Saturation Voltage 






1,2,3 






4,5t 


6,7 


W 5 > 




290 




260 




340 


mVdc 










2,3 


8 


4, 7 


1,5,6 


V CE< 5 > 




290 




260 




340 


mVdc 








1,2,3 




8 


4,7t 


5,6 


W 7 > 




290 




260 




340 


mVdc 










1,2 


8 


4, 5 


3, 6,7 






290 




260 




340 


mVdc 


Switching Time 


Pulse 


Pulse 






























In 


Out 
































7 






8 


4,5 


2,3, 6 










40 










1 


7 






8 


4,5 


2,3,6 


H-7- 








40 









t Silicon Diode to Ground 



13-125 



Integrated Circuits 



MC900G/MC800G series (continued) 



FLIP-FLOPS 



This flip-flop is formed by internally cross-coupling two basic RTL 
"NOR" gates. This bistable storage element can be set to one of its 
stable states by applying a high logic level on one of the inputs. High 
logic levels on both inputs will result in simultaneous low levels at both 
outputs. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

8 

R2 j R2 



SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 



TYPICAL RESISTORS 
Rl =4500 
R2 = 640O 





Ground unused 
4 Input pins. 
OUT 




r 

0.5 V 



T 

0.5 V 



The JK Flip-Flop has no undefined state in its operational truth 
table. The output state of this flip-flop is predictable for any combination 
of inputs. 

The versatile JK Flip-Flop is suitable for use in counters, shift reg- 
isters, or any other control type application. This flip-flop can be oper- 
ated in the toggling mode. Simultaneous logic ONE pulses applied to the 
SET and CLEAR terminals cause the output state to reverse. A PRESET 
input allows asynchronous entry for presetting counters, inserting paral- 
lel data into registers, and other similar applications. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



TYPICAL RESISTORS 
Rl = 450ohms 
R2 = 640 ohms 
R3 = 510 ohms 
R4 = 225 ohms 




IVIC916G 
MC816G 

J-K FLIP-FLOP 




3 



H Is more positive than L. 


X is the output state at time n. 




PIN 3 


PIN 7 


PIN 1 


CLEAR 


"1" OUTPUT 


SET 


t = n 


t = n + l 


H 


H 


X" 


H 


L 


H 


L 


H 


L 


L 


L 


X"" 



For switching specifications see back cover. 



64 62 



13-126 



Infegrated Circuits 

MC900G / MC800G series (continued) 
FLIP-FLOPS 



ELECTRICAL CHARACTERISTICS MC902G 





Test Conditions 
Volts 






















® Test l ~zt 

Temperature [ +125 . c 
































0.844 


0.815 


1.50 


0.565 


3.00 






Power Dissipation @ 1 


* = 25*C: 22 mW tyDical. 28mW 


maximum 
















































Symbol 
Pin No. 


Test Limits 






v ln 




V BOT 


V off 


V CC 


Grounded 


Open 


-55°C 


+25°C 


+125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 






5 




8 


4 


3, 7 


i in (D . 




495 




435 




470 


MAdc 




3 




7 




8 


4 


1,5 


i in (3) 




495 




435 




470 


uAdc 


Output Current 




5 


1 


3 


8 


4 


7 


I A4 (5) 


1.98 




2. 19 




1. 88 










7 


3 


1 


8 


4 


5 


W 7 > 


1.98 




2. 19 




1.88 






Output Voltage 




3 


1 




8 


4 


5,7 


V Qut (5) 




710 




300 




320 


mVdc 






7 






8 


4 


1,3,5 


O 5 ) 




710 




300 




320 


mVdc 






1 


3 




8 


4 


5,7 


V out (7 > 




710 




300 




320 


mVdc 






5 






8 


4 


1,3,7 


V Qut (7) 




710 




300 




320 


mVdc 


Saturation Voltage 






1,3 




8 


4 


5,7 


V CE< 5 > 




200 




210 




280 


mVdc 










1 


8 


4,5t 


3,7 


V CE< 5 > 




200 




210 




280 


mVdc 








1,3 




8 


4 


5,7 


V CE< 7 > 




200 




210 




280 


mVdc 










3 


8 


4,7t 


1,5 


V CE (7 > 




200 




210 




280 


mVdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























1 


7 






8 


4 


3,5 


l l + 7- 








20 






nsec 




1 


7 






8 


4 


3,5 


l l-7 + 








30 









Pins 2 and 6 omitted t Silicon Diode to Ground 



ELECTRICAL CHARACTERISTICS 



MC916G 



Test Conditions 
Volts 



•t- (;s: c c 

Temperature [ +125 . c 


1.014 


1.014 


1.50 


0.710 


3.00 






















0.844 


0.815 


1.50 


0.565 


3.00 








Power Dissipation 


@Ta 


= 25*C: 54 n 


W typical 


0.674 


0.674 


1.50 


0.320 


3.00 




































Symbol 
Pin No. 


Test Limits 






v in 


V o„ 


v 

v BOT 


V 0 H 


Vcc 


Grounded 


Open 


-55°C 


+25°C 


+ 125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Inpv* Current 


l 




5 




8 


4 


2, 3,6,7 


i in (D 




495 




435 




470 


fiAdc 




2 




1.3. 




8 


4 


5, 6,7 


2 I in (2) 




990 




870 




940 


txAdc 




3 




7 




8 


4 


1,2,5,6 


I in (3) 




495 




435 




470 


MAdc 




6 




5 




8 


4 


1, 2, 3, 7 


I in (6) 




495 




435 




470 


MAdc 


Output Current 




5 


1,6 




8 


4 


2,3,7 


W 5 > 


1.48 




1.52 




1.41 










7 


3 


6 


8 


4,5t 


1, 2 


! A3< 7 > 


1.48 




1. 52 




1.41 










5,6 






8 


4 


2,3,7 




1.48 




1.52 




1.41 






Output Voltage 




6 






8 


4,5 


1, 2, 3, 7 


V out (7) 




710 




300 




320 


mVdc 






1.3 






8 


4,6 


5 


V out (7 >** 




710 




300 




320 


mVdc 






3 




1 


8 


4,6 


5,7 


V Qut (7)t 




710 




300 




320 


mVdc 










1,3 


8 


4,6 


7 


V out< 7 >*§ 




710 




300 




320 


mVdc 


Saturation Voltage 






6 




8 


4,5 


1,2, 3,7 


v ce( 7 > 




200 




210 




280 


mVdc 












8 


4,7t 


1,2,3, 5,6 


v ce( 7 > 




200 




210 




280 


mVdc 










6 


8 


4,5t 


1, 2, 3, 7 


V C E < 5 > 




200 




210 




280 


mVdc 


Turn-On Voltage 




1,3 






8 


4,6 


7* 


V Qn (7)t§ 


1014 




815 




674 




mVdc 






1 




3 


8 


4,6 


5, 7* 


V Qn (7)t 


1014 




815 




674 




mVdc 










1,3 


& 


4,6 


5 


V on (7)t#* 


1014 




815 




674 




mVdc 



t Silicon Diode to Ground 

*Pin 7 Loaded by: 1. 52 mAdc (+25°C) 
1.48 mAdc (-55°C) 
1.41 mAdc (+125°C) 



§Pin 5 = 
#Pin 7 = 



LOW ] 
LOW I 



Set by a momentary ground prior to the application of the negative -going Clock Pulse. 
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MC900G/MC800G series (continued) 

FLIP-FLOPS 



ELECTRICAL CHARACTERISTICS MC802G 







Test Conditions 
Volts 




















@ Test f 
Temperature! H 


0*C 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 




Power Dissipati 


on (S) T. = 25*C: 22 mW tvnical. 28 mW maximum 


100'C 


0.710 


0.710 


1.50 


0.370 


3.00 






































Symbol 
Pin No. 


Test Limits 








v !n 


V <>" 


V BOT 


V off 


V cc 


Grounded 


Open 


0°C 


+25°C 


+100°C 




Characteristic 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 




1 




5 




8 




3,7 


! ln (1) 




504 




450 




450 


fiAdc 






3 




7 




8 




1,5 


I in (3) 




504 




450 




450 




Output Cur.rent 






5 


1 


3 


8 




7 


I A4 (5) 


2.02 




2.05 




1.80 




mAdc 








7 


3 


l 


8 




5 


W 7 > 


2.02 




2.05 




1.80 




mAdc 


Output Voltage 






3 






8 




5,7 


V out (5) 




574 




400 




370 


mVdc 








7 






8 




1,3,5 


V out< 5 > 




574 




400 




370 


mVdc 








1 


3 




8 




5,7 


V out< 7 > 




574 




400 




370 


mVdc 








5 






8 




1,3,7 


V out (7 > 




574 




400 




370 


mVdc 


Saturation Voltage 








1,3 




8 




5,7 


V CE< 5 > 




290 




260 




340 


mVdc 














8 


4,5t 


3,7 


V CE< 5 > 




290 




260 




340 


mVdc 










1,3 




8 




5,7 


V CE< 7 > 




290 




260 




340 


mVdc 












3 


8 


4,7t 


1> 5 


V CE (7 > 




290 




260 




340 


mVdc 


Switching Time 




Pulse 
In 


Pulse 
Out 
































1 


7 






8 




3,5 


*l + 7- 








20 






usee 






1 


7 






8 




3,5 


l l-7 + 








30 






nsec 



Pins 2 and 6 omitted t Silicon Diode to Ground 



ELECTRICAL CHARACTERISTICS MC816G 







Test Conditions 
Volts 






















@ Test [ 
Temperature K 


0*C 


0.909 


0.909 


1.50 


0.574 


3.00 






















+25*C 


0.844 


0.844 


1.50 


0.554 


3.00 








Pcm 






@Ta 


= 25*C:54mW tvoical 


ioo-c 


0.7 10 


0.710 


1.50 


0.370 


3.00 








































Symbol 
Pin No. 


Test Limits 








v. n 


Von 


V BOT 


v o « 


v cc 


Grounded 


Open 


0°C 


+25°C 


+ 100°C 




Characteristic 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Vlax 


Min 


Max 


Unit 


Input Current 




i 




5 




8 


4 


2, 3, 6, 7 






504 




450 




450 


nAdc 






2 




1,3, 




8 


4 


5,6,7 


2I in (2) 




1010 




900 




900 








3 




7 




8 


4 


X 2, 5, 6 


1^(3) 




504 




450 




450 


MAdc 






6 




5 




8 


4 


1,2, 3,7 


I m (6) 




504 




450 




450 


uAdc 


Output Current 






5 


1,6 




8 


4 


2, 3,7 


W 5 > 


1.51 




1.43 




1.35 




mAdc 








7 


3 


6 


8 


4,5t 


1,2 


W 7 > 


1.51 




1.43 




1.35 




mAdc 








5,6 


1 




8 


4 


2,3,7 




1.51 




1.43 




1.35 






Output Voltage 






6 






8 


4,5 


1,2,3,7 


V out< 7 > 




574 




400 




370 


mVdc 








1,3 






8 


4,6 


5 


V out< 7 >** 




574 




400 




370 


mVdc 








3 




1 


8 


4,6 


5,7 


V out< 7 >* 




574 




400 




370 


mVdc 












1,3 


8 


4,6 


7 


V out< 7 >* § 




574 




400 




370 


mVdc 


Saturation Voltage 








6 




8 


4,5 


1, 2, 3, 7 


V CE< 7 > 




290 




260 




340 


mVdc 














8 


4,7t 


1, 2, 3, 5, 6 


v CE < 7 > 




290 




260 




340 


mVdc 














8 


4,5t 


1, 2, 3, 7 


V CE (5) 




290 




260 




340 


mVdc 


Turn-On Voltage 






1.3 






8 


4,6 


7* 


V on (7)*§ 


909 




844 




710 




mVdc 








1 




3 


8 


4,6 


5,7* 


V on< 7 >* 


909 




844 




710 




mVdc 












1,3 


8 


4,6 


5 


V Qn (7)*#* 


909 




844 




710 




mVdc 



t Silicon Diode to Ground 
•Pin 7 loaded by: 1.43 mAdc (+25 e C) 
1.51 mAdc (0°C) 

1.35 mAdc (+100°C) 

tPin 2 = | 



| Set by a momentary ground prior to the application of the negative-going Clock Pulse. 
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MC900G/MC800G series (continued) 



FLIP-FLOPS 



SWITCHING TIMES — MC916G, MC816G 



TOGGLE CHARACTERISTICS 



Test 


Rgure 
No. 


Maximum 


Unit 


@ 25°C only 


Over full 
temperature 
range 


CP above V Qn + 50 mV 










l 2-7- 


1 


40 


60 




*2-5- 




40 


60 




4-7+ 


l 


80 


100 




l 2-5 + 


l 


80 


100 




l l + 2- 


2 




50 




l 3+2- 


2 




50 




l l-2- 


2 




50 




l 3-2- 


2 




50 




*6+7- 


3 




50 




l 6+5+ 


3 




90 





n trailing edge of clock pulse. 
2. With a high level on Pin 6, and with the proper SET and CLEAR inputs 
for a low level at Pin 5, Pin 5 will be high except for a short period 
after the negative-going edge of a clock pulse. Pin 5 will go low for 
up to 50 nsec, and then return to a high level within 100 nsec after a 
negative clock tr 





Mill 


Max 


Unit 


Toggle Frequency 


8 




mc 


Output Load (clock frequency = 8mc) 




50 


Pf 


Output Load (clock frequency^ 4 mcy 




100 


Pf 



_tlt c 

tr - 10 nsec 



T Vc 'jt 




) > R 




50pf j 







Duty Cycle — 35%-65% 

MC916G — Vcp Magnitude = 1.2 V «£ -55°C, R = 50 ohms 
= 0.9V (Li +125 , C, R = 33 ohms 

MC816G — Vcp Magnitude = 1.0V Si 0°C, R = 39 ohms 

= 0.9V @ 100"C, R = 33 ohms 
Vcr will rise above Vo« since the input current, pin 2, is typically 1.4 I,.. 

Pin 4 = ground; Pin 8 = V cc = 3.00 V; 

ratings valid from -55 to +125°C for MC916G 
0 to +100OC for MC816G 



SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 



FIGURE 1 




fc> - 1 MC 
PIN 2 



ti-s- or tj-7- 

tl_S+ Or T.2-7 + 



-60 nsec— ' ,, 

n 0.5 V Vcr (PIN 2) 

[1 nsec < tj— < 100 nsec] 



~\ [lnsei 
0.5 V 



1 
0.5 V 



FIGURE 3 



_n_n_ 




FIGURE 2 




[1 nsec < ti- < 100 nsec] 



C = 100 pf (includes Jig and Probe Capacitance). 
0 = 1N3063 or equivalent at temperature of unit under te 



PIN 6 - 
PIN 7 - 



0.5 V 
i 



0.5 V 
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MC900G/MC800G series (continued) 

The JK Flip-Flop has the unique advantage over the 
conventional binary element in that no ambiguous output 
state can result with any combination of data input signals. 
A simultaneous low level set and clear input will cause the 
output state to reverse. Whereas, high levels on both set 
and clear inputs prevent the output state from changing. 

The versatile J K Flip-Flop storage element can be used 
to advantage in shift registers, binary counters, and other 
control functions where JK logic minimizes the logic struc- 
ture of the unit. 

Preset and preclear inputs are available for presetting 
counters, for asynchronous entry of data into registers, and 
other similar applications. A high level on the preset input 
causes the Q output of the flip-flop to assume the low logic 
state. A high level on the preclear input sets the Q output to 
the high logic state. 

The MC926G is designed for operation over the full mil- 
itary temperature range of — 55°C to +125°C. The MC826G 
is guaranteed over a temperature range of 0°C to +100° C. 



JK FLIP-FLOP 



t = n 


t = n+1 


Set 


Clear 


Output 


(2) 


(4) 


0) 


H 


H 


x n 


H 


L 


H 


L 


H 


L 


L 


L 


x" 



H is more positive than L 
X is output state at time n 




LOGIC SYMBOL AND LOADING DIAGRAM 



SWITCHING TIMES 





MAXIMUM 




■ TEST 


@ 25 °C 
Only 


Over Full 
Temperature 
Range 


Unit 


*3-9- 


60 


90 


nsec 


*3-7- 


60 


90 


nsec 


*3-9+ 


60 


90 


nsec 


4 3-7+ 


60 


90 


nsec 


*2+3- 




50 


nsec 


t 4+3- 




50 


nsec 


*2-3- 




30 


nsec 


*4-3- 




30 


nsec 


*3-2- 




+5* 


nsec 


*3-4- 




+5* 


nsec 


*3-2 + 




0* 


nsec 


t 3-4+ 




0* 


nsec 


1 or 8 + to 
output - 




90 


nsec 


1 or 8 + to 
output + 




70 


nsec 


*3-9- 




25 (Min) # 


nsec 


*3-7- 




25 (Min) # 


nsec 


*3-9+ 




25 (Min) # 


nsec 


t 3-7+ 




25 (Min) # 


nsec 



* Negative switching time means the inputs can 
momentarily change before the clock pulse 
transition. 

# Lightly loaded 



SWITCHING TIME WAVEFORMS 



SETUP 
TIME 



V JK iJ 
Pin 4 or 2 



Pin 2 or 4 

V JK INPUT 

Pin 4 or 2 

Pin 7 or 9 



l 3-9- or 



0.5V 



X 



RELEASE 
TIME - 



i f Wo 



SWITCHING TIME WAVEFORMS 



l l+7- or 
^+9- - 
fc l+9+ or- 
t 8+7+ 



E7 



N. L_ 

0.5V 
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MC900G/MC800G series (continued) 
ELECTRICAL CHARACTERISTICS 



FLIP-FLOPS 



Test Conditions Volts 



f -55*C 
@ TeSt + 25-C 

Temperature 

V I + 125*C 


1.014 


1.014 


1.50 


0.710 


3.00 






















0.844 


0.815 


1.50 


0.565 


3.00 






















0.674 


0.674 


1.50 


0.320 


3.00 
























v in 

Pin No. 


v on 

Pin No. 




V off 

Pin No. 




Grounded 
Pin No. 


Open 
Pin No. 


Symbol 
Pin No. 


Test Limits 




Characteristic 


v BOT 
Pin No. 


v cc 
Pin No. 


-55°C 


+25°C 


+ 125°C 


Unit 


















in() 


Min 


Max 


Min 


Max 


Min 


Max 




Input Current 


1 








10 


5 


2,3,4,6, 
7,8,9 


I IN U) 




495 




435 




470 


/<Adc 




2 




8 




10 


5 


1,3,4,6, 
7, 9 


I IN (2) 




495 


... 


435 


... 


470 


fih&C 




3 




2,4 




10 


5 


1,6,7, 
8,9 


2I IN 0) 




990 




870 




940 


//Adc 




4 
8 




1 




10 
10 


5 
5 


2,3,6, 

1,2,3,4, 
6 7 9 


I IN (4) 
I IN (8) 


_._ 


495 
495 




435 
435 




470 
470 


/vAdc 
//Adc 


Output Current 




1,9 


8 




10 


5 


2,3,4, 
6, 7 


W 9 > 


2.47 




2. 54 




2.35 




mAdc 






7,8 


1 




10 


5 


2, 3, 4, 
6, 9 


W 7 > 


2.47 




2.54 




2.35 




mAdc 


Saturation Voltage 




1 
8 




8 
1 


10 
10 


5 
5 


2,3,4, 
6 7 9 

2,3,4, 
6, 7, 9 


V CE< 7 > 
V CE (9 > 




200 
200 




210 
210 




280 
280 


mVdc 
mVdc 






2 




4 


10 


5 


1,3,6, 
7,8,9 


V CE (7)*A 




200 




210 




280 


mVdc 






4 




2 


10 


5 


1,3,6, 
7,8,9 


V CE (9)§A 




200 




210 




280 


mVdc 






2,4 






10 


5 


1,3,6, 
7,8,9 


V CE (9)*A 




200 




210 




280 


mVdc 










2,4 


10 


5 


1,3,6, 
7,8,9 


V CE (7)*A 




200 




210 




280 


mVdc 










2,4 


10 


5 


1,3, 6, 
7,8,9 


V CE (9)§A 




200 




210 




280 


mVdc 






2,4 






10 


5 


1,3,6 
7,8,9 


V CE (7)§A 




200 




210 




280 


mVdc 



I pj" 8 = Hi Set by a momentar y application of VgQ T prior to the application of the negative going clock pulse. 
APin 3 = ~~ |_ 



CIRCUIT DIAGRAM 



Typical 
Resistors: 

Rj = 3Kn 

R 2 = 2Kn 

R 3 = 900 n 

R. = 700 n 
4 

Rr- = 640J2 
5 

R 6 = 600J2 

R 7 = 55012 

R 8 = 300SJ 




1 >x 
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MC900G/MC800G series (continued) 
ELECTRICAL CHARACTERISTICS 



FLIP-FLOPS 



Test Conditions Volts 



_ f o*c 
lemperature I 

I +100'C 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 






















0.710 


0.710 


1.50 


0.370 


3.00 


































Grounded 
Pin No. 




Symbol 
Pin No. 


Test Limits 




Characteristic 


Pin No. 


V on 

Pin°No. 


v 

v BOT 

Pin No. 


v„« 

Pin No. 


Vcc 
Pin No. 


Open 
Pin No. 


0°C 


+25°C 


+100°C 


Unit 




in() 


Min 


Max 


Min 


Max 


Min 


Max 




Input Current 


l 








10 


5 


2,3,4,6, 


I IN (D 




504 




450 




450 


//Adc 




2 




8 




10 


5 


1,3,4, 6, 
7,9 


I IN (2) 




504 




450 




450 


A/Adc 




3 




2,4 




10 


5 


1,6,7, 


21^(3) 




101 




0.9 




0. 9 


mAdc 




4 




1 




10 


5 


2,3,6,7, 
8,9 


I IN (4) 


... 


504 


... 


450 


... 


450 


fiAdc 




8 








10 


5 


1,2,3,4, 
6,7,9 


I IN (8) 




504 




450 




450 


vAdc 


Output Current 




1,9 


8 




10 


5 


2,3,4, 
6 7 


w« 


2. 52 




2. 38 




2.25 




mAdc 






7,8 


1 




10 


5 


2,3, 4, 




2.52 




2.38 




2.25 




mAdc 


Saturation Voltage 




1 




8 


10 


5 


2,3,4,6, 
7,9 


v ce( 7 > 














mVdc 






8 




1 


10 


5 


2,3,4,6, 


V CE< 9 > 




290 




260 




340 


mVdc 






2 




4 


10 


5 


1,3,6,7, 
8,9 


V CE (7)*A 




290 




260 




340 


mVdc 






4 




2 


10 


5 


1,3,6,7,. 
8,9 


V CE (9)§A 




290 




260 




340 


mVdc 






2,4 






10 


5 


1,3,6,7, 
8,9 


V CE (9)*A 




290 




260 




340 


mVdc 










2,4 


10 


5 


1,3,6,7, 
8,9 


V CE (7)*A 




290 




260 




340 


mVdc 










2,4 


10 


5- 


1,3,6,7, 
8,9 


V CE (9)§A 




290 




260 




340 


mVdc 






2,4 






10 


5 


1,3,6,7, 
8,9 


V CE (7) 5 A 




290 




260 




340 


mVdc 



§ Pin 1 = Hi Set by a momentary application of V prior to the application of the negative going clock pulse. 
* Pin 8 = Hi B0T 



TEST CIRCUIT 




(1 nsec < t„ < 200 nsec) 



C= 100 pF (includes jig and 
probe capacitance) 



D;= IN3063 or equivalent at 

temperature of unit under test 



TOGGLE MODE TEST CIRCUIT 




D = IN3063 or Equivalent 

TOGGLE CHARACTERISTIC 





Min 


Max 


Unit 


Toggle Frequency 


8 




mc 


Clock Pulse Duty Cycle (8mc) 


25 


75 


% 


Capacitive Load/Output 




Unlimited 


PF 
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MC900G/MC800G series (continued) 



These devices perform the simple inversion function. 
The MC927G is designed for operation over the full military 
temperature range of — 55°C to +125°C. The MC827G is 
guaranteed over a temperature range of 0°C to +100 o C. 



RTL 

QUAD INVERTER 



LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 



9=1 
8=2 
7=3 
6=4 





9=1 
8=2 
7=3 
6=4 



POSITIVE LOGIC 



NEGATIVE LOGIC 



10O- 



CIRCUIT DIAGRAM 



-0 9 



R 2 



: R 2 



-O 8 



-07 



-06 



1 o — wv- 



R 2 = 650fi Typical 



-O 5 



SWITCHING TIME TEST CIRCUIT 




Ground Unused 
Input Pins 



OUT 
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MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS QUAD INVERTERS 







Test Conditions 


Volts 










1 


VI 


G 




»2 




G 


f -55«C 

@ Test 1 +25 . c 
Temperature} +i25 . c 


1.014 


1.014 


1.50 


0.710 


3.00 
























0.815 


1.50 


























0.674 


0.674 


1.50 


0.320 


3.00 


































Grounded 
Pin No. 


Open 
Pin No. 


Symbol 
Pin No. 


Test Limits 




Characteristic 


v in 

Pin No. 


V 

V on 

Pin No. 


v BOT 

Pin No. 


V off 

Pin No. 


v cc 
Pin No. 


-55°C 


+25°C 


+125°C 


Unit 




in( ) 


Min 


Max 


Min 


Max 


Min 


Max 




Input Current 


1 




2 




10 


5 


3,4,6,7 






495 




435 




470 


/iAdc 




2 


;; 


1 




10 


5 


3,4,6,7 


r i„( 2 >* 




495 




435 




470 


fjAdc 




3 


-- 


4 










I in (3)** 




495 




435 




470 






4 




3 


-- 


10 


5 


1,2,8,9 


I in (4)** 




495 




435 




470 


fjAdc 


Output Current 




6 




4 


10 


5 


1,2,3, 
7, 8,9 




2.47 




2.54 




2.35 




mAdc 






7 




3 


10 


5 


1,2,4, 
6,8,9 




2.47 




2.54 




2.35 




mAdc 






8 




2 


10 


5 


1,3,4, 
6, 7,9 


I A5< 8 ) 


2.47 




2. 54 




2.35 




mAdc 




" 


9 


"" 


1 


10 


5 


2,3,4, 
6,7,8 


r A5< 9 > 


2.47 




2.54 




2.35 




mAdc 


Output Leakage 
Current 




„ 










12 3 7 
8', 9', lb ' 


I (6) 




100 


" 


218 




235 


^Adc 




7 
8 
9 






3 
2 
1 


-- 
-- 
-- 


5 
5 
5 


1,2,4,6, 
8, 9, 10 

1,3,4,6, 
7,9, 10 

2,3,4,6, 


l CEX™ 




100 
100 
100 




218 
218 
218 




235 
235 
235 


fiAdc 
fi Adc 
/jAdc 


Output Voltage 




4 


1,2,3 




10 


5 


6, 7, 8,9 


OUT 




710 




300 




320 


mVdc 






3 


1,2,4 




10 


5 


6,7, 8,9 


W 7) 




710 




300 




320 


mVdc 






2 


1,3,4 




10 


5 


6, 7, 8, 9 


V QUT (8) 




710 




300 




320 


mVdc 






1 


2,3,4 










V (9) 




710 




300 




320 




Saturation Voltage 


-- 




1,2,3,4 
1,2,3,4 




10 
10 


5 
5 


6,7,8,9 
6, 7, 8, 9 


v ce( 6 > 
v ce< 7 > 




200 
200 




210 
210 




280 
280 


mVdc 
mVdc 








1,2,3,4 




10 


5 


6,7,8,9 


V CE< 8 > 




200 




210 




280 


mVdc 








1,2,3,4 




10 


5 


6,7,8,9 






200 




210 




280 


mVdc 


Switching Time 


Pulse 
in 


Pulse 
out 






























1 


9 






10 


5 


2,3,4, 
6,7,8 










20 






nsec 




1 


9 






10 


5 


2,3,4, 
6, 7, 8 


4 l-9 + 








28 






nsec 



* Pin 8 connected to Pin 9 
** Pin 6 connected to Pin 7 



SWITCHING TIME WAVEFORM 
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MC900G/MC800G series (continued) 



ELECTRICAL CHARACTERISTICS 



QUAD INVERTERS 







Test Conditions 


Volts 










t 


VI 


G 




12 


11 


'G 


r o'c 

T @Te r + «-c 

Temperature 

r V- +100*C 


0.909 


0.909 


1.50 


0.574 


3.00 






















0.844 


0.844 


1.50 


0.554 


3.00 






















0.710 


0.710 


1.50 


0.370 


3.00 
























v in 

Pin No. 


v 

Pin°No. 








Grounded 
Pin No. 


Open 
Pin No. 


Symbol 
Pin No. 


Test Limits 




Characteristic 


v 

BOT 

Pin No. 


v„« 

Pin No. 


v cc 

Pin No. 


0°C 


+25°C 


+100°C 


Unit 




in( ) 


Min 


Max 


Min 


Max 


Min 


Max 




Input Current 


1 




2 


-- 


10 


5 


3,4,6,7 


l in (D* 




504 




450 




450 


fiAdc 




2 




1 




10 


5 


3,4,6,7 


l in (2)* 


_. 


504 


.. 


450 




450 


fiAdc 




3 




4 




10 


5 


1,2,8,9 


I in (3)** 


.. 


504 




450 




450 






4 






" 


10 


5 


1,2,8,9 


l in <4)** 


__ 


504 




450 


._ 


450 


ftAdc 


Output Current 


" 






4 


10 


5 


1,2,3, 
7, 8,9 


W 6 > 


2.52 




2.38 




2.25 




mAdc 






7 


-- 


3 


10 


5 


1,2,4, 
6, 8,9 


A5 


2.52 


— 


2.38 




2.25 


— 


mAdc 






8 
9 


-- 


2 
1 


10 
10 


5 
5 


1,3,4, 
6,7,9 

2, 3,4, 
6,7,8 


Ad 


2.52 
2.52 


._ 


2.38 
2.38 


__ 


2.25 
2.25 


__ 


mAdc 
mAdc 


Output Leakage 


6 






4 


-- 


5 


1,2,3, 7, 
8; 9, 10 


W fl > 




100 




225 




225 


LiAdc 




7 

8 






3 
2 




5 
5 


1,2,4,6, 
8, 9, 10 

1,3,4,6, 
7,9, 10 


^EX^ 
CEX ' 




100 
100 




225 
225 




225 
225 


/jAdc 




9 






1 




5 


2,3,4,6, 
7, 8, 10 


I„_ v (9) 
CEX 




100 




225 




225 




Output Voltage 




4 


1,2,3 




10 


5 


6, 7, 8,9 


V 0m ,(6) 




574 




400 




370 


mVdc 






3 


1,2,4 




10 


5 


6, 7, 8,9 


W 7 > 




574 




400 




370 


mVdc 






2 


1,3,4 




10 


5 


6, 7, 8,9 


V OUT (8 > 




574 




400 




370 


mVdc 






1 


2,3,4 




10 


5 


6, 7, 8,9 


V OUT (9 > 




574 




400 




370 


mVdc 


Saturation Voltage 






1,2,3,4 




10 


5 


6,7, 8,9 


V CE< 6 > 




290 




260 




340 


mVdc 








1,2,3,4 




10 


5 


6,7, 8,9 


V CE< 7 > 




290 




260 




340 


mVdc 








1,2,3,4 




10 


5 


6,7, 8,9 


v ce< 8 > 




290 




260 




340 


mVdc 








1,2,3,4 




10 


5 


6,7, 8,9 


V CE< 9 > 




290 




260 




340 


mVdc 


Switching Time 


Pulse 
in 


Pulse 
out 






























1 


9 






10 


5 


2,3,4, 
6,7,8 










20 






nsec 




1 


9 






10 


5 


2,3,4, 
6, 7,8 


4-9. 








28 






nsec 



* Pin 8 connected to Pin 9 
" Pin 6 connected to Pin 7 
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Mc908G MILLIWATT RTL SERIES 




The Milliwatt RTL Line con- 
sists of eight monolithic, inte- 
grated Resistor-Transistor Logic 
circuits. These devices are 
designed for use over the full 
military temperature range of 
-55 to +125°C. 



ADDER 

MC908G 

BUFFER 

MC909G 

LOGIC GATES 

DUAL 2-INPUT GATE 

MC910G 

4- INPUT GATE 

MC911G 

5- INPUT GATE 

MC928G 

DUAL 3-INPUT GATE 

MC918G 

FLIP-FLOP 

MC913G 
MC920G 

HALF-ADDER 

MC912G 

GATE EXPANDER 

MC921G 



LOADING DIAGRAMS 

Valid from -55°C to +125°C with V cc = 3.00 V ± 10% 




1 o 



MC928G 
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MC908G RTL SERIES (continued) 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Rating 


Unit 


Maximum Applied Voltage to pin 8 
(pulsed, ^ lsec) 


12 


Vdc 


Maximum Applied Voltage to pin 8 
(continuous) 


8 


Vdc 


Maximum Applied Voltage to any input 


±4 


Vdc 


Operating Temperature Range 


-55 to +125 


°C 


Storage Temperature Range 


-65 to +150 


°C 


Maximum Power Dissipation 


250 


mW 



TEST CONDITION TOLERANCES 



Vcc = ±10 mV 
Vbot = ±10 mV 



Vin = ±2 mV 
Von = ±2 mV 



Voff = ±2 mV 
Vll = ±2 mV 



Vrl = ±1% 
Vrh = ±1% 



GENERAL RULES 

© The number of load circuits that may be driven from an output is determined by the input loading factor. The summa- 
tion of input loading should not exceed the drive capability of the output. 

o All unused inputs should be returned to ground. 
DEFINITIONS 

lA3 



lA4 

Iab 

I AM 
ICEX 
lin 

II 

Vbot 
Vcc 
Vce 

Vin 

Vll 



Minimum available output current for outputs 
with loading factor of 3 

Minimum available output current for outputs 
with loading factor of 4 
Minimum available output current from the 
MC909G (Buffer) 

Maximum available gate output current 

Output Leakage Current 

Maximum input current with Vin applied and a 

fan-in of two or greater 

Leakage current 

Maximum input voltage 

Supply voltage 

Maximum saturation voltage (Vin applied 
to input) 

Minimum high level voltage 

A supply voltage low enough to allow flow of 

leakage currents only 



Voff Maximum input voltage that will not turn on 
the transistor 

Von Minimum turn-on voltage 

Vouf Maximum output voltage (V on applied to input) 

Vrh Voltage drop across resistor connected to Vcc, 
representing the highest node resistor value of 
Milliwatt RTL 

Vrl Voltage drop across resistor connected to Vcc 
representing the lowest node resistor value of 
Milliwatt RTL 

0.8 lin Maximum input current with Vin applied and a 
fan-in equal to one 

1.8 lin Current drawn from the Vin supply by pin 1 of the 
MC913G (Flip-Flop) 

2 lin Current drawn from the Vin supply by an input of 
the MC909G (Buffer) 



OUTLINE DIMENSIONS 



8-LEAD PACKAGE 




10-LEAD PACKAGE 
MC918G ONLY 
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MC908G SERIES (continued) 




ADDER 

The MC908G is an RTL Adder. The binary half-adder function can 
be performed by connecting pin 1 to pin 3 and pin 2 to pin 5. The "SUM" 
is available on pin 7 while the "CARRY" is available on pin 6. The device 
may also be used as a data selector by connecting pin 1 to pin 3 and 
using pins 2 and 5 as data inputs. A full adder can be made utilizing two 
MC908Gs and one MC911G. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 




7 = (l-f2)(3 + 5) POSITIVE LOGIC NEGATIVE LOGIC 7 = 1.2 + 3.5 



ELECTRICAL CHARACTERISTICS 



Test Conditions 
Volts 



©Test f- 2 5 ^ 
emperature{ +125 . c 


0.970 


0.935 


1.8 


0.650 


3.00 


0.500 






















0.805 


0.750 


1.8 


0.450 


3.00 


0.400 






Average Power Dissipation = 10 mW 




= 25*C 


0.590 


0.555 


1.8 


0.260 


3.00 


0.300 








































Symbol 
Pin No. 


Test Limits 






v in 


v on 


v BOT 


V off 


v cc 


Vu 


Grounded 


Open 


-55°C 


+25°C 


+ 125°C 




Characteristic 


Pin No. 


Pin°No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


l 




2 




8 




3, 4, 5 


6, 7 


i in (D 




125 




130 




110 


fiAdc 




2 




1 




8 




3,4,5 


6, 7 


I in (2) 




125 




130 




110 


M Adc 




3 








8 




1,2,4,5 


6, 7 


0.8I. n (3) 




100 




104 




88 


MAdc 




5 








8 




1,2,3,4 


6, 7 


0. 8 I. n (5) 




100 




104 




88 


M Adc 


Output Current 


6 


3, 5 






8 




1,2,4 


7 


W« 


350 




364 




308 




pAdc 




7 


1 




3.5 


8 




2,4 


6 


W 7 > 


475 




494 




418 




*iAdc 




7 


2 




3,5 


8 




1, 4 


6 


W 7 > 


475 




494 




418 




jiAdc 


Saturation Voltage 






3 


5 


8 




1,2,4 


6,7 


V CE< 6) 




220 




220 




220 


mVdc 








5 


3 


8 




1,2,4 


6,7 


V CE< 6 > 




220 




220 




220 


mVdc 










1.2 


8 




3,4, 5 


6,7 


V CE< 7 > 




220 




220 




220 


mVdc 




6 




1,2,3,5 




8 




4 


7 


V CE< 7 > 




220 




220 




220 


mVdc 


Output Voltage 




6 


1,2,3,5 




8 




4 


7 


V out< 7 > 




620 




300 




230 


mVdc 


Leakage Current 












8 


1,2,3,4,5 


6,7 


I L (8) 




100 




100 




100 


fiAdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























Turn-On Delay 


3 


7 


2, 5 




8 




1,4 


6 


*3+7- 








100 








Turn-Off Delay 


3 


7 


2, 5 




8 




1,4 


6 


4 3-7 + 








80 
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MC908G SERIES (continued) 




BUFFER 



The MC909G RTL Buffer is designed to drive a greater number of 
loads than the basic Resistor Transistor Logic circuit. Returning an in- 
put resistor to V cc allows for capacitive coupling in multivibrator and 
differentiator applications. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 



1 R ' Vcc 





ELECTRICAL CHARACTERISTICS 



»mperature[ +125 . c 


Test Conditions 


Average Power Dissipation = 10 mW @ T A = 25°C, Duty Cycle = 50% 


Volts 


Ohms 


0.970 


0.935 


1.8 


0.650 


3.00 


4.27K* 


0.805 


0.750 


1.8 


0.450 


3.00 


4.3 K* 


0.590 


0.555 


1.8 


0.260 


3.00 


5K* 


Characteristic 


v ln 

Pin No. 


v o „ 

Pin No. 


^BOT 

Pin No. 


Pin No. 


Vcc 
Pin No. 


Pin No. 


Grounded 
Pin No. 


Open 
Pin No. 


Symbol 
Pin No. 
in() 


Test Limits 


Unit 


-55°C 


+25°C 


+ 125°C 


Min 


Max 


Min 


Max 


Min 


Max 


Input Current 


2 
3 




3 
2 




8 




4 
4 


1, 6 
1, 6 


2 I in (2) 
2 I in (3) 




250 
250 




260 
260 




220 
220 




Output Current 


6 






2,3 


8 




4 


1 


W 6 > 


3. 75 




4.0 




3.3 




mAdc 


Output Voltage 




2 
3 






8 
8 


6 
6 


. 3,4 
2,4 


1 
1 


V out (6) 
V out< 6 > 




620 
620 




300 
300 




230 
230 


mVdc 
mVdc 


Saturation Voltage 


2 
3 








8 


6 
6 


3,4 
2,4 


1 


V CE< 6 > 
V CE< 6 > 




220 
220 




220 
220 




220 
220 


mVdc 
mVdc 


Leakage Current 










8 




2,3,4 


1, 6 


I L <8) 




100 




100 




100 


MAdc 


Switching Time 

Turn-On Delay 
Turn-Off Delay 


Pulse 
In 


Pulse 
Out 






8 
8 




2,4 
2,4 


1 
1 


l 3 + 6- 
l 3-6+ 








90 
70 








3 
3 


6 
6 



•Resistor Value to V„ p Pins 5 and 7 omitted 
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MC908G SERIES (continued) 



IVI d^^^l —DUAL 2-INPUT "NOR" GATE 

LOGIC GATES 



The MC910G Dual (2-2) Input Gate consists of a pair of "NOR" 
Gates. It may also be used as a pair of inverters, a double inverter or as 
an R-S Flip-Flop. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 




ELECTRICAL CHARACTERISTICS 





Test Conditions 
Volts 
























0.970 


0.935 


1.8 


0.650 


3.00 






















0.805 


0.750 


1.8 


0.450 


3.00 






Average Power Dissipation = 4 mW 




= 25»C 


0.590 


0.555 


1.8 


0.260 


3.00 




































Symbol 
Pin No. 


Test Limits 




Characteristic 




v„ n 


¥ BOT 


Voff 


Vcc 


Grounded 


Open 


_ 5 


5°C 


+2 


5°C 


+ 125°C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


l 




2 




8 


3,4,5 


6,7 


hJV 




125 




130 




110 


fiAdc 




2 




1 




8 


3,4,5 


6,7 






125 




130 




no 


fiAdc 




3 




5 




8 


1,2,4 


6,7 


tin® 




125 




130 




110 


fiAdc 




5 




3 




8 


1,2,4 


6,7 


I in (5) 




125 




130 




110 


fiAdc 


Output Current 


































7 




3 


1,2 


8 


4, 5 


6 


I A4 /I AM (7) 


475 


730 


494 


815 


418 


830 


/iAdc 




6 




2 


3,5 


8 


1,4 


7 


WW 6 > 


475 


730 


494 


815 


418 


830 


fiAdc 


Output Voltage 




l 






8 


2,3,4, 5 


6,7 


V out< 7 > 




620 




300 




230 


mVdc 






2 






8 


1,3,4,5 


6,7 


V out< 7 > 




620 




300 




230 


mVdc 






3 






8 


1,2,4,5 


6,7 


V Qut (6) 




620 




300 




230 


mVdc 






5 






8 


1,2,3,4 


6,7 


V out< 6 > 




620 




300 




230 


mVdc 


Saturation Voltage 


1 








8 


2, 3, 4, 5 


6,7 


V CE< 7 > 




220 




220 




220 


mVdc 




2 








8 


1, 3, 4, 5 


6,7 


V CE< 7 > 




220 




220 




220 


mVdc 




3 








8 


1, 2, 4, 5 


6,7 


V CE< 6 > 




220 




220 




220 


mVdc 




5 








8 


1,2,3,4 


6,7 


v CE < 6 > 




220 




220 




220 


mVdc 


Leakage Current 










8 


1,2,3,4,5 


6,7 






100 




100 




100 


fiAdc 


Switching Time 


Pulse 
In 


Pulse 
Out 




























Turn-On Delay 


1 


7 






8 


2, 3,4, 5 


6 


4 1+T- 








50 








Turn -Off Delay 


1 


7 






8 


2,3,4,5 


6 


'1-7+ 








40 
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MC908G SERIES (continued) 



fVI^^911C^ — 4-INPUT "OR/NOR" GATE 
LOGIC GATES 



The MC911G 4-lnput Gate provides the "NOR" function on pin 6 
and the "OR" function on pin 7. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 



8 7 Vcc T.P. T.P. 




POSITIVE LOGIC NEGATIVE LOGIC 

ELECTRICAL CHARACTERISTICS 





Test Co 
Vo 


iditions 
ts 
























0.970 


0.935 


1.8 


0.650 


3.00 


0.500 






















0.805 


0.750 


1.8 


0.450 


3.00 


0.400 






Average Pout 


er Dissirjation = 






= 25 *C 


0.590 


0.555 


1.8 


0.260 


3.00 


0.300 




































Symbol 
Pin No. 


Test Limits 




Characteristic 


v,„ 


V o„ 


V BOT 


V o« 


Vcc 


v u 


Grounded 


Open 


-55°C 


+25°C 


+125°C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


l 




2, 3,5 




8 




4 


6,7 






125 




130 




110 


MAdc 




2 




1,3,5 




8 




4 


6,7 


hn® 




125 




130 




110 


HAdc 




3 




1,2,5 




8 




4 


6,7 


W 3 > 




125 




130 




110 


JiAdc 




5 




1, 2,3 




8 




4 


6,7 


\n® 




125 




130 




110 


nAdc, 


Output Current 


6 






1,2,3,5 


8 




4 


7 


r A3 (6) 


350 




364 




308 




(iAdc 




7 






6 


8 




1,2,3,4,5 






475 


730 


494 


815 


418 


830 


MAdc 


Output Voltage 




l 






8 




2, 3, 4, 5 


6,7 


V out< 6 > 




620 




300 




230 


mVdc 






2 






8 




1,3,4,5 


6,7 


V e*« 




620 




300 




230 


mVdc 






3 






8 




1,2,4, 5 


6,7 


V out (6) 




620 




300 




230 


mVdc 






5 






8 




1,2,3,4 


6,7 


V out( 6 > 




620 




300 




230 


mVdc 






6 






8 




1,2,3,4,5 


7 


V out< 7 > 




620 




300 




230 


mVdc 


Saturation Voltage 


1 








8 




2, 3, 4, 5 


6,7 


V CE< 6 > 




220 




220 




220 


mVdc 




2 








8 




1,3,4,5 


6,7 


V CE< 6 > 




220 




220 




220 


mVdc 




3 








8 




1, 2, 4, 5 


6,7 


V CE (6> 




220 




220 




220 


mVdc 




5 








8 




1,2,3,4 


6,7 


V CE< 6 > 




220 




220 




220 


mVdc 




6 








8 




1,2,3,4,5 


7 


V CE< 7 > 




220 




220 




220 


mVdc 


Leakage Current 












8 


1,2,3,4,5 


6,7 


I L (8) 




100 




100 




100 


fiAdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























Turn-On Delay 


1 


7 










2,3, 4,5 


6 


4-7- 








70 








Turn-Off Delay 


1 


7 






8 




2,3,4,5 


6 


4+7 + 








90 






nsec 
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MC908G series (continued) 



This device provides the NAND/NOR function on pin 7. MW RTL 

Individual gates may be paralleled with other logic elements iviw r*. i- 

for increasing the number of inputs (subject to loading 5-INPUT GATE 
rules). The MC928G is designed for operation over the full 
military range of — 55°C to +125°C. 





SWITCHING TIME WAVEFORMS 
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MC908G series (continued) 
ELECTRICAL CHARACTERISTICS 



5-INPUT GATES 



_ f -55'C 

@ Test +25 . c 
Temperature 1 

r I +125*C 


Te 


t Conditio 


is V 


olts 


MC928G 


0.970 


0.935 


1.80 


0.650 


3.00 


0.805 


0.750 


1.80 


0.450 


3.00 


0.590 


0.555 


1.80 


0.260 


3.00 


Characteristic 


v. 

Pin No. 


Pin No. 


V 

BOT 

Pin No. 


VoH 

Pin No. 


Vcc 
Pin No. 


Grounded 
Pin No. 


Symbol 
Pin No. 

in() 


Test Limits 


Unit 


-55°C 


+2 


5°C 


+ 11 


?5°C 


Min 


Max 


Min 


Max 


Min 


Max 


Input Current 


1 
2 

3 

5 

6 




2,3,5, 
6 

1,3,5, 
6, 

1,2,5, 
6 

1,2, 3, 
6 

1,2,3, 

5 




8 
8 

8 

8 

8 


4 
4 

4 

4 

4 


I IN (D 
I IN (2) 

I IN (3) 

I IN (5) 

IN V ' 




125 
125 

125 

125 

125 




130 
130 

130 

130 

130 




110 
110 

110 

110 

110 


/lAdc 
/iAdc 

/vAdc 

/iAdc 


Output Current 


7 






1,2,3, 
5,6 


8 


4 


*A4/ 

W 7 > 


475 


730 


494 


815 


418 


830 


//Adc 


Output Voltage 




1 
2 
3 
5 
g 






8 
8 
8 
8 
8 


2,3,4, 

5,6 
1,3,4, 

5,6 

1,2,4, 

1,2, 3, 
4,6 

1,2, 3, 
4,5 


W 7 > 

V OUT (7) 

W 7 > 

V OUT (7) 


: 


620 
620 
620 
620 
620 


— 
— 


300 
300 
300 
300 
300 


— 


230 
230 
230 
230 
230 


mVdc 
mVdc 
mVdc 
mVdc. 
mVdc 


Saturation Voltage 


1 

2 
3 
5 
6 








8 
8 
8 
8 
8 


2 , 3, 4, 
5,6 

1,3,4, 
5,6 

1,2,4, 
5,6 

1,2,3, 
4,6 

1,2,3, 
4,5 


V CE< 7 > 
V CE< 7 > 

v ce( ? > 

V CE< 7 > 
V CE< 7 > 




220 
220 
220 
220 
220 




220 
220 
220 
220 
220 




220 
220 
220 
220 
220 


mVdc 
mVdc 
mVdc 
mVdc 
mVdc 


Leakage Current 










8 


1,2,3, 
4,5,6 


I L (8) 




100 




100 




100 


//Adc 


Switching Time 


Pulse 
in 


Pulse 
out 






8 
8 


2,3,4, 
5,6 

2,3,4, 
5,6 


■'1+7- 
l l-7 + 








50 
60 






nsec 
nsec 


1 
1 


7 
7 



O VSAr- 



CIRCUIT DIAGRAM 



7 

-O 



o — wv- 

R, 



3. 6KQ Typical 



04 
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MC908G SERIES (continued) 

IVI^^91^£^^ — DUAL 3-INPUT "NOR" GATE 
LOGIC GATES 

This gate element consists of two "NAND/NOR" gate circuits that 
can be used in the same manner as the other gate elements. Other 
applications of this circuit include cross-connecting to form a bistable 
multivibrator with two set and two reset inputs, or as a three-input 
noninverting gate. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 




ELECTRICAL CHARACTERISTICS 





Test Conditions 
Volts 






















•« (; 2 5 :: c c 

.mperature| +125 . c 


0.970 


0.935 


1.8 


0.650 


3.00 






















0.805 


0.750 


1.8 


0.450 


3.00 






Averag 


ePow 


er Dissipation = 4 mW 




= 25«C 


0.590 


0.555 


1.8 


0.260 


3.00 






































Symbol 
Pin No. 


Test Limits 






v in 


v o „ 


V BOT 


v o « 


Vcc 


Grounded 


Open 


-55°C 


+25°C 


+125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 






2,3 




10 


5, 6, 7, 8 


4.9 


'm*') 




125 




130 




110 


(iAdc 




2 




1,3 




10 


5,6, 7,8 


4,9 


'in* 2 * 




125 




130 




110 






3 




1,2 




10 


5,6,7,8 


4,9 


'in* 3 ) 




125 




130 




110 


fiAdc 




6 




7,8 




10 


1,2,3,5 


4,9 


'in* 6 ) 




125 




130 




110 


MAdc 




7 




6,8 




10 


1,2,3,5 


4,9 


'in* 7 ) 




125 




130 




110 


MAdc 




8 




6,7 




10 


1,2, 3,5 


4,9 


'in* 8 ) 




125 




130 




110 


MAdc 


Output Current 


4 




7 


1,2,3 


10 


5,6,8 


9 


WW 4 ) 


475 


730 


494 


815 


418 


830 






9 




2 


6, 7,8 


10 


1,3,5 


4 


WW 9 ) 


475 


730 


494 


815 


418 


830 


fiAdc 


Output Voltage 




l 






10 


2,3,5, 6, 7,8 


4,9 


V out* 4 ) 




620 




300 




230 


mVdc 






2 






10 


1,3,5, 6, 7,8 


4.9 


V out* 4 ) 




620 




300 




230 


mVdc 






3 






10 


1,2,5, 6, 7,8 


4,9 


V out* 4 ) 




620 




300 




230 


mVdc 






6 






10 


1,2,3,5, 7,8 


4,9 


V out* 9 > 




620 




300 




230 


mVdc 






7 






10 


1,2,3, 5,6,8 


4,9 


V out* 9 ) 




620 




300 




230 


mVdc 






8 






10 


1,2,3, 5.6,7 


4,9 


V out* 9 > 




620 




300 




230 


mVdc 


Saturation Voltage 










10 


2,3, 5, 6,7,8 


4,9 


V CE* 4 > 




220 




220 




220 


mVdc 




2 








10 


1,3,5, 6, 7,8 


4,9 


V CE* 4 > 




220 




220 




220 


mVdc 




3 








10 


1,2,5, 6, 7,8 


4,9 


V CE* 4 > 




220 




220 




220 


mVdc 




6 








10 


1,2,3, 5, 7,8 


4,9 


V CE* 9 ) 




220 




220 




220 


mVdc 




7 








10 


1,2,3, 5,6,8 


4,9 


V CE* 9 ) 




220 




220 




220 


mVdc 




8 








10 


1,2,3, 5,6,7 


4,9 


V CE< 9 ) 




220 




220 




220 


mVdc 


Leakage Current 










10 


1,2,3,5, 6,7,8 


4,9 


I L (10) 




100 




100 




100 


fiAdc 


Switching Time 


Pulse 
In 


Pulse 
Out 




























Turn-On Delay 


2 


4 






10 


1,3,5,6, 7,8 


9 


l 2>4- 








50 






nsec 


Turn-OfI Delay 


2 


4 






10 


1,3,5,6, 7,8 


9 


*2-4+ 








40 






nsec 
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MC908G SERIES (continued) 



MC913G 

FLIP-FLOP 



The MC913G RTL Type D Flip-Flop is a storage element that stores 
the state of pin 2 during negative transitions of pin 1. The flip-flop is not 
affected by changes of pin 2 during either the low or high state of the 
clock. Using pins 3 and 7 as inputs produces a standard R-S flip-flop. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

(tl-*+,tl_4-, tl_ S+1 tl.S_) (tl+l-.tl-l-, t2-.-,tl- 1+ ) 
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MC908G SERIES (continued) 




FLIP-FLOP 



ELECTRICAL CHARACTERISTICS 





Test Conditions 
Volts 






















emperature[ +125 . c 


































0.805 


0.750 


1.8 


0.450 


3.00 


0.400 






Average Power Dissipation = 12 mW 




= 25°C 


















































Symbol 
Pin No. 


Test Limits 






v in 


V o„ 


^BOT 


Voff 


V CC 




Grounded 


P?n P No. 


-55°C 


+25°C 


+ 125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 




in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


2 


— 




l* 


8 


— 


3,4,7 


5,6 






125 




130 




no 


AiAdc 




3 


— 


2 


l* 


8 


— 


4,7 


5,6 


Iin !T 




125 




130 




110 


f-Adc 




7 




— 


l* 


8 


— 


2,3,4 


5,6 


I. (7)* 
in* ' 




125 




130 




110 


HAdc 




1 


— 




~ 


8 




2,3,4,7 


5,6 


1.8 I in (l) 




225 




234 




198 


MAdc 
















3,4,7 


5,6 


1.8 I. n (l) 




225 




234 




198 


MAdc 


Output Current 




































5 




2,7 


3 


8 




4 


6 


W 5 > 


350 




364 




308 




MAdc 




6 




3 


7 


8 




2,4 


5 




350 




364 




308 




pAdc 




5 




7 


1*,3 


8 




2,4 


6 


W 5 >* 


350 




364 




308 




MAdc 




6 


2 


3 


1*,7 


8 




4 


5 




350 




364 




308 




MAdc 


Output Voltage 




3 


1, 7 




8 




2, 4 


5,6 


V out (5) 




620 




300 




230 


mVdc 






7 


1,3 








2,4 


5,6 


V out (6) 




620 




300 




230 


mVdc 






6 






8 




2,3, 4, 7 


5 


V out< 5 > 




620 




300 




230 


mVdc 






5 






8 




2,3, 4, 7 


6 






620 




300 




230 


mVdc 


Saturation Voltage 


3 




1,7 




8 




2,4 


5,6 






220 




220 




220 


mVdc 




7 




1,3 




8 




2.4 


5,6 






220 




220 




220 


mVdc 




6 




1 




8 




2,3,4,7 


5 


v ce< 5 > 




220 




220 




220 


mVdc 




5 




1 




8 




2,3,4,7 


6 


W 6 > 




220 




220 




220 


mVdc 






2 


7 


1* 


8 




3,4 


5,6 






220 




220 




220 










3 


1*,2 


8 




4,7 


5,6 


V CE< 6 >* 




220 




220 




220 


mVdc 


Leakage Current 












8 


1,2,3, 4, 7 


5,6 


I L (8) 




100 




100 




100 


MAdc 


Switching Time 


Pulse 
In 


Pulse 
Out 


Pulse 
1 In 


Pulse 
2 In 




























1 
1 
1 


6 
6 
5 






8 
8 




3,4,7 
3,4,7 
3,4,7 


5 
5 
6 


4-6-** 
l l-6+** 








80 
120 
80 






nsec 




1 


5 










3,4, 7 


6 


'l-5-** 
'l-5+** 








120 












6 


1 


2 


8 




3,4,7 


5 


4+1- 






60 














6 




2 


8 




3,4,7 


5 


l l-2- 






30 














6 


1 


2 


8 




3,4,7 


5 


l 2-l- 






60 








nsec 






6 


1 


2 


8 




3,4,7 


5 


l J-2+ 






30 











♦Resistor to V cc : V RL @ -55° C = 2. 8 Kohms The voltage applied to Pin 1 must change from 
@ + 25°C = 2. 7 Kohms V RL to V off prior to making measurements 
@ +125°C = 3.0 Kohms 
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MC908G series (continued) 

The JK Flip-Flop has the unique advantage over the 
conventional binary element in that no ambiguous output 
state can result with any combination of data input signals. 
A simultaneous low level set and clear inputs will cause the 
output state to reverse, whereas, high levels on both set and 
clear inputs prevent the output state from changing. 

The versatile Flip-Flop storage element can be used to 
advantage in shift registers, binary counters, and other con- 
trol functions where JK logic minimizes the logic structure 
of the unit. 

A preset input is available for presetting counter and 
register stages. A high level on the preset input causes the 
Q output of the flip-flop to assume the low logic state. 



mW RTL 
JK FLIP-FLOP 



H is more positive than L 
X is the output state at time n 


Pin 1 
Set 


Pin 3 
Clear 


Pin 7 
"1" Output 


t=n 


t=n+l 


H 


H 


x n 


H 


L 


H 


L 


H 


L 


L 


L 





CP 2 O 




O 1 Preset 



Typical Resistors 
1. 5K 



CIRCUIT DIAGRAM 
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MC908G series (continued) 
ELECTRICAL CHARACTERISTICS 



FLIP-FLOPS 



(-55*C 
♦ 125'C 



Test Conditions Volts 



0.805 
0.590 



Vcc 
Pin No. 



Pin No. 



Grounded 
No. 



Open 
Pin No. 



Symbol 
Pin No. 
in() 



1,2, 
3,7 



2 V 2 > 

W 6 > 



ft Adc 
//Adc 

//Adc 



Output Current 



2,3,7 

1,2 
2,3,7 



W5) 
1^(5) 



//Adc 
//Adc 
//Adc 



4,5* 
4,7* 
4,6 



3,7 



1,2, 
3,6 

2,5,7 

2,5,7 

2,5,7 



.(?) 



v our 



v OUT v '' 

W 7)A#0 

V OUT (7)#0 
V OUT (7)#0§ 



nVdc 



mVdc 

mVdc 
mVdc 
mVdc 



Saturation Voltage 



1,2, 
3.7 



1,2, 
3,7 



V CE (7) 

V CE< 7 > 
V CE< 5 > 



mVdc 



mVdc 



Turn-on Voltage 



2,5,7 
2,5,7 
2,5,7 



v ON' 



f (7)#** 
f (7)#§*« 
.(7)#A*« 



mVdc 
mVdc 
mVdc 
//Adc 



Leakage Current 



* silicon Dioae to ur 
** Pin 7\ Loaded by: 
0 Pin 5/ 



* Silicon Diode to Ground 
247 //Adc (+25°C) 
238 //Adc (-55 °C) 

-i 209 //Adc (+125 °C) 

# Pin 2 = L 

A Pin 7 = LOw}' Set by a momentar y ground prior to the application of the negative-going Clock Pulse. 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT FORt , 

3VO- 



CPO 



5 _ANDt 2 _ 7+ 

= 750fi D = 1N3063 or 
equivalent 




UNIT UNDER TEST 
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MC908G series (continued) 
MC920G (continued) 



WAVEFORMS (SEE FIGURE 1) 

Pin 2 (CP) 

\ 0.5V 



Pin 7 



--Vs— «»| vo.5i 



V CE 



L 2-7+ 



0.5V 
J- V CE 

Clock pulse must be delayed from that at pins 1 and 3 





Limit (25 °C) 




Test 


Min 


Max 


Units 


*2-5- 


20 


80 


nsec 


t 2-7+ 




120 


nsec 



FLIP-FLOPS 



WAVEFORMS (SEE FIGURE 2) 



Pin 2 



Pin6 °-, 5v ^— I 



Pin 7 V„ 




Test 


Limit 


Unit 


t 6+7- 
t 6+5+ 


60 Max 
120 Max 


nsec 
nsec 



FIGURE 2 — SWITCHING TIME TEST CIRCUIT FOR t 6+7 _ AND t 6 + 5 + 

3.6K 



V ONO 




C = 16pF 
R = 750S2 

D = 1N3063 or equivalent 



FIGURE 3 - 





Temper- 
ature 

(°C) 


V 

(Volts) 


R 
Ohms 


C 

PF 


Limit 
(mc) 




25 


1.0 


39 


24 


3.0 


Minimum 

Toggle 
Frequency: 


25 


1.0 


39 


50 


1.5 


-55 


1.2 


50 


24 


3.0 




-55 


1.2 


50 


50 


1.5 




+125 


0.9 


33 


24 


3.0 




+125 


0.9 


33 


50 


1. 5 



-TOGGLE TEST CIRCUIT 

3VO- 




V QN+ 100 mV<V Cp < V 0FF 
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MC908G SERIES (continued) 




HALF-ADDER 



The MC912G is an RTL Half-Adder. By applying the complement 
of pins 1 and 2 to pins 3 and 5 t the "SUM" and "NOT SUM" functions 
of a binary half-adder are produced on pin 7 and 6 respectively. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 




4 4 

POSITIVE LOGIC NEGATIVE LOGIC 

7 = (l+_2)(3+_5) 7= 1*2 + 3 «5 

6=T»2 + 3»5 6 = (T + 2)(3 + 5) 



ELECTRICAL CHARACTERISTICS 



Test Conditions 
Volts 



™p«-alur.| il25 . c 


0.970 


0.935 


1.8 


0.650 


3.00 


0.500 






















0.805 


0.750 


1.8 


0.450 


3.00 


0.400 






Averaee Power Dissipation = 8 mW 


@T A 


= 25*C 


0.590 


0.555 


1.8 


0.260 


3.00 


0.300 








































Symbol 
Pin No. 


Test Limits 




Characteristic 


v,„ 


v on 


V B ot 


V o« 


v cc 


V 


Grounded 


Open 


-S5°C 


+25°C 


+125°C 




Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Input Current 


l 




2 




8 




3,4,5 


6,7 


hn® 




125 




130 




110 


HAdc 




2 




1 




8 




3,4,5 


6,7 






125 




130 




110 


MAdc 




3 




5 




8 




1,2,4 


6,7 






125 




130 




110 


MAdc 




5 




3. 




8 




1,2,4 


6,7 


W» 




125 




130 




110 


MAdc 


Output Current 


7 


1,3 






8 




2,4,5 


6 




350 




364 




308 




fiAdc 




7 


2,5 






8 




1,3,4 


6 




350 




364 




308 




MAdc 




6 








8 




1,2,3,4,5 


7 


I A4 (6) 


475 




494 




418 




fxAdc 


Output Voltage 




7 


1,2,3,5 




8 




4 


6 


V out( 6 > 




620 




300 




230 


mVdc 


Saturation Voltage 


7 




1,2,3,5 




8 




4 


6 


v ce( 6 > 




220 




220 




220 


mVdc 








3,5 


1,2 


8 




4 


6,7 


V C E ™ 




220 




220 




220 


mVdc 








1,2 


3,5 


8 




4 


6,7 


v ce™ 




220 




220 




220 


mVdc 


Leakage Current 












8 


1,2,3,4,5 


6,7 


I L (8) 




100 




100 




100 


nAdc 


Switching Time 


Pulse 
In 


Pulse 
Out 






























Turn -On Delay 


1 


6 


5 




8 




2,3,4 


7 


'i+e- 








100 








Turn-Off Delay 


1 


6 


5 




8 




2,3,4 


7 


4 l-6 + 








80 
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MC908G SERIES (continued) 




GATE EXPANDER 



The MC921G Gate Expander is designed to increase the fan-in 
capability of the MC910G, MC911G, and MC918G Gates. 



CIRCUIT DIAGRAM USE OF GATE EXPANDER 




NOTES FOR THE USE OF THE MC921G 

1. The input loading factor of the expanded gate is 1.33. 

2. Pin 8 of the MC921G must be connected to Vcc. 

3. The output loading factor of the expanded 

gate is decreased 0.5 load for every added node. 



ELECTRICAL CHARACTERISTICS 



Test Conditions 





Volts 


Ohms 


















0.970 


0.935 


1.8 


0.650 


3.00 


4.27K* 


2.8 K* 
















0.805 


0.750 


1.8 


0.450 


3.00 


4.3K* 


2.7 K* 








Average Power Dissipation - Negligible 


0.590 


0.555 


1.8 


0.260 


3.00 


5K» 


3K» 




































Symbol 
Pin No. 


Test Limits 






v in 


V o„ 


V 

BOT 


V o« 








Grounded 


Open 


-55°C 


+25°C 


+125°C 




Characteristic 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


Pin No. 


in() 


Max 


Max 


Max 


Unit 


Input Current 


1 




2 




8 


7 




3,4, 5 


6 


i in (D 


125 


130 


110 


MAdc 




2 




1 




8 


7 




3,4,5 


6 


'in< 2 > 


125 


130 


110 


MAdc 




3 




5 




8 


6 




1,2,4 


7 


w» 


125 


130 


110 


MAdc 




5 




3 




8 


6 




1,2,4 


7 


I in (5) 


125 


130 


110 


MAdc 


Output Voltage 




l 






8 




7 


2,3,4,5 


6 


V out< 7 > 


620 


300 


230 


mVdc 






2 






8 




7 


1,3,4,5 


6 


V out( 7 > 


620 


300 


230 


mVdc 






3 






8 




6 


1,2,4,5 


7 


V out< 6 > 


620 


300 


230 


mVdc 






5 










6 


1,2,3,4 


7 


V out( 6 > 


620 


300 


230 


mVdc 


Saturation Voltage 


1 








8 




7 


2, 3, 4, 5 


6 


V CE< 7 > 


220 


220 


220 


mVdc 




2 








8 




7 


1, 3, 4, 5 


6 


V CE< 7 > 


220 


220 


220 


mVdc 




3 








8 




6 


1,2,4,5 


7 


V CE< 6 > 


220 


220 


220 


mVdc 




5 








8 




6 


1,2,3,4 


7 


V CE< 6 > 


220 


220 


220 


mVdc 


Output Leakage 
Current 


7 
6 






1,2 

3,5 


8 
8 






3, 4, 5 
1,2,4 


6 
7 


'cEX™ 


5 
5 


5 
5 


40 
40 


MAdc 
MAdc 


Leakage Current 










6,7,8 






1,2,3,4,5 




I L (6, 7, 8) 


100 


100 


100 


MAdc 



•Resistor Value to V f 
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Integrated Circuits 

mc930/ mc830 MDTL Series 



MC930 SERIES/MC830 SERIES MDTL 
INTEGRATED CIRCUITS 



OUTLINE 
DIMENSIONS 



The MDTL line consists of monolithic, modified, 
integrated Diode-Transistor Logic Circuits. The 
MC930 Series is designed for use over the tem- 
perature range of -55°C to +125°C, and the 
MC830 Series for use from 0°C to -f-75°C. 



MAXIMUM RATINGS 



TO-86 



Characteristic 


Rating 


Unit 


Supply Voltage 
Continuous 
Pulsed, < 1 second 


+8 
+12 


Vdc 


Output Current into Outputs 

MC932, MC832, MC944, MC844 - Continuous 
Pulsed, < 30 ms 


150 
300 


mAdc 


All other types 


30 




Input Forward Current 


-10 


mAdc 


Input Reverse Current 

MC932, MC832, MC944, MC844 
All other types 


5.0 
1.0 


mAdc 


Operating Temperature Range 
MC930 Series 
MC830 Series 


-55 to +1-25 
0 to +75 


°C 


Storage Temperature Range 


-65 to +150 


°C 



LEAD 1 IDENTIFIED BY IMPRESSION 
ON UNDERSIDE OF CASE. 



0.030 
0.070 



ALL PINS ELECTRICALLY 
ISOLATED FROM PACKAGE 




T0-100 



GENERAL RULES 

• The number of load circuits that may be driven from an output is determinated by 
the input loading factor. The summation of input loading should not exceed the 
drive capability of the output. 

• The outputs of the Dual 4 input gate may be tied together to perform the wired- 
collector OR function. For each added gate subtract 1 unit fan-out. For six added 
gates only 5 unit loads need be subtracted. 

• The outputs of the Dual Buffer may not be tied together 

• The outputs of the Dual Power Gate may be tied together to perform the wired- 
collector OR function. 

• An external load resistor should be utilized with the Dual Power Gate. At Vcc = 
5.0 ±0.5 V, subtract the following output loads : 



2k« — 2 loads 
1 kQ — 4 loads 
510 — 8 loads 

For increased current capability, the inputs and outputs of V2MC932 and V2MC944 
can be paralleled (up to and including 4 common outputs). The combined output 
will equal 100 loads while each combined input will equal 4 loads. 
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Integraied Circuits 

MC930/MC830 (continued) 



FLIP-FLOPS 

MC931G, MC831G 
MC945G, MC845G 
MC948G, MC848G 
MC931F, MC831F 
MC945F, MC845F 
MC948F, MC848F 

GATE EXPANDERS 

MC933G, MC833G 
MC933F, MC833F 

MULTIPLE GATES 

DUAL 2-3 INPUT "NAND/NOR" GATES 

MC930G, MC830G 
DUAL 2-3 INPUT POWER GATES 

MC944G, MC844G 
DUAL 4-INPUT "NAND/NOR" GATES 

MC930F, MC830F 
DUAL 4-INPUT POWER GATES 

MC944F, MC844F 
TRIPLE 3-INPUT "NAND/NOR" GATES 

MC962F, MC862F 
QUAD 2-INPUT "NAND/NOR" GATES 

MC946F, MC846F 

DUAL BUFFERS 

MC932G, MC832G 
MC932F, MC832F 



DEFINITIONS 

Icex Collector-to-emitter leakage of the output transistor 

% If Forward current of input diodes which are % of unit load 

If Forward current of input diodes for unit input load 

2 If Forward current of input diodes which are twice the unit load 

Ifcp Forward current of clock input diodes 

Ifd Forward current of dual expander diodes 

Ifs Forward current of set and clear input diodes 

lm« Maximum rated power supply current with Vm« applied 

Ioh Output high current 

Iol Output low current 

Ikjh Power supply drain with the inputs high 

In Reverse current of input diodes with V* applied 

lucr Reverse current of clock input diodes 

Isc Short circuit current obtained from device output 
when one or more inputs are low 

Vcc Power supply voltage 

Vcch High power supply voltage 

Vccl Low power supply voltage 

Vcex Output transistor collector-to-emitter voltage 

Vchh Clock threshold voltage 

Vf Forward voltage of input diodes 

Vfd Forward voltage of dual expander diodes 

Vih Voltage for high input voltage state 

Vil Voltage for low input voltage state. 

Vils Voltage for low set and clear input voltage state. 

Vm«x Maximum rated power supply voltage (Vcc) 

Voh Output high voltage with Ioh flowing out of pin 

Vol Output low voltage with Iol flowing into pin 

Vn> Power supply voltage for power dissipation test. 

Vr Reverse voltage for input diode leakage test 

Vx Low voltage utilized in testing expander inputs 



LOADING DIAGRAMS 



Valid for V cc = 



5.0 V ± 10%; Temperature Range = -55 to +125°C for MC930 Series 
0 to +75°C for MC830 Series 




MC930F, MC830F 




MC931F.MC831F 





MC933F, MC833F 






MC946F, MC846F 

Fan-out applies also to can package; refer to individual device drawing for applicable pin numbers. 





MC962F, MC862F 
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Integrated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

IVAC931G 
IVIC831G 

CLOCKED FLIP-FLOPS 



<? 10 Vcc 




i 5GND 



llCP 



ELECTRICAL CHARACTERISTICS — MC931G 













Test 


Conditions 


































mA . 


Volts 
























©Test / ""g 


10.0 


-0.12 


1.40 


2.10 


0 


4.00 




4.50 


5.50 




























10.6 


-0.12 


1.10 


2.00 


0 


4.00 


5.00 


4.50 


5.50 


5.00 


8.00 
























Temperature \ +125 „ c 


9.5 


-0.12 


0.80 


2.00 


0 


4.00 




4.50 


5.50 






















































« 


® 




Symbol 


Test Limits 




Characteristic 


l0L 


l0H 


V.L 


V,H 


V, 


Vr 


Vcc 


Vca 


VcCH 






CP. 


Grounded 


PinNo 


-5 


5°C 


+25*C 


+125°C 






Pin No 


Pin No 


Pin No 


Pin No 


Pin No 


Pin No 


Pin No 


Pin No 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltage 


4 














10 












1 


2,5,6® 


Vol (4) 




0.40 




0.40 




0.45 


Vdc 




6 


























1 


4®, 5, 9 


Vol (6) 




0.40 




0.40 




0.45 


Vdc 






4® 


9 


2,3 








10 














5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 






4© 


8 


2,3 








10 














5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 






6® 


2 


8,9 






















5 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6® 


3 


8,9 






















5 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






4 


7® 










10 














2,3,5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 


Rivirst Cnrraat 












2 


















1.5 


1.(2) 




2.0 




2.0 




5.0 


A Adc 














3 






10 












1.5 


1.(3) 




2.0 




2.0 




5.0 


„Adc 














7 






10 






1 






5,8,9 


1.(7) 




2.0 




2.0 




5.0 


„Adc 














8 


















1,5 


1.(8) 




2.0 




2.0 




5.0 


fiMc 
































1.5 


1.(9) 




2.0 




2.0 




5.0 


A Adc 














1 


















2,3,5,8,9 


l.od) 




20 




20 




30 


nMc 


Forward Cnrrtat 






























5 


%U(2) 




-1.07 




-1.07 




-1.00 


mAdc 












3 




















5 


%U(3) 




-1.07 




-1.07 




-1.00 














8 




















5 


%■#(«) 




-1.07 




-1.07 




-1.00 


mAdc 












9 




















5 


%l,(9) 




-1.07 




-1.07 




-1.00 


mAdc 




























1 




5 


■red) 




-3.20 




-3.20 




-3.00 


mAdc 








8 




















1 




5 


Ud) 




-3.20 




-3.20 




-3.00 


mAdc 
































4,5,8 


lfs(7) 




-1.20 




-1.20 




-1.10 


mAdc 


Power Drain Current 






























5 


I«h(10) 








11.0 






























10 








1,2,3,5,8,9 


L..U0) 








14.5 






mAdc 


Switching Time 


Pulse 


Pulse 












































(Pins 2 and 6 are 


In 


Out 












































connected, Pins 4 


1 


4 


























5 


t* + 






25 


75 






ns 


and 8 are connected) 


1 


4 


























5 








35 


75 






ns 



Pins not listed are left open 

® Momentarily ground this terminal before applying -0.12mA © Momentarily ground this terminal before applying l 0L to complementary terminal, 
® CP. = Clock Pulse a "J ' e -. terminal of opposite function 

CP k = Clock Pulse b > See page 14 © V, L , = V a 

CP. = Clock Pulse c J 
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Integrated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

CLOCKED FLIP-FLOPS 

This clocked flip-flop consists of two. directly coupled flip-flops, operating on the familiar "master- 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip-flop. When the clock voltage is high, the input informa- 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operatedjn either the R-S or J-K mode. For J-K operation the.Q output 
is connected to a clear input, and the Q output is connected to a set input. The direct set (S D ) input 
is available. 



SYNCHRONOUS TRUTH TABLE 





w. 


s, 

Pin 2 


Si 
Pin 3 


c, 

Pin 9 


c, 
Pin 8 


Q 

Pin 4 






0 




a, 


0 






0 


a. 




0 


0 


X 


a. 


X 


0 


X 


0 


a. 


0 




l 


1 


0 


X 


0 


l 


1 


0 


1 


1 


0 




i 


1 


1 




0 


i 


1 


1 


1 


1 


u 



J-K TRUTH TABLE 



(Connect Si to Q, Ci to Q) 







s, 

Pin 2 


c, 

Pin 9 


Q 

Pin 4 


0 


0 


a. 


l 


0 


l 


0 


l 


0 


1 


l 


a. 



0 — Low State (more negative) 

1 — High State (more positive) 

x — State of the input does not affect the state of the 

circuit. 
U — Indeterminate State 



ELECTRICAL CHARACTERISTICS — MC831G 











Test 


Conditions 


































mA 


Volts 


























©Test / , 2 12 
Temperature \ ™.\ 


10.S 


-0.12 


1.20 


2.00 


0.45 


4.00 


5.00 






























10.5 


-0.12 


1.10 


1.90 


0.45 


4.00 


5.00 


5.00 


8.00 


























10.2 


-0.12 


0.9S 


1.80 


0.50 


4.00 


5.00 


















































® 


® 


® 




Symbol 


Test Limit 






Characteristic 


lot 


'oh 

Pin No 


V,L 


V| H 


V F 


v„ 


V C c 






CP. 






Grounded 


PinNo 


0 


•c 


+25*C 


4-75'C 






Pin No 


Pin No 


Pin No 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltaf i 


4 






















1 


2,5,6® 


V 0L (4) 




0.45 




0.45 




0.50 


Ydc 




6 






















1 


4®, 5, 9 


V OL (5) 




0.45 




0.45 




0.50 


Vdc 






4® 


9 


2,3 


















5 


V OM (4) 


2.60 




2.60 




2.50 




Vdc 






4© 


8 


2.3 


















5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 






6® 


2 


8,9 


















5 


V 0 h(6) 


2.60 




2.60 




2.50 




Vdc 






6® 


3 


8,9 


















5 


V oh (6) 


2.60 




2.60 




2.50 




ydc 






4 


7® 








10 












2, 3,5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 


Reverse Current 












2 


10 












1,5 


1.(2) 




5.0 




5.0 




10 


„Adc 














3 


10 












1,5 


I.O) 




5.0 




5.0 




10 


u Adc 














7 


10 






1 






5, 8,9 


1.(7) 




5.0 




5.0 




10 


M Adc 














8 


10 












1,5 


1.(8) 




5.0 




5.0 




10 


„Adc 














9 


10 












1,5 


1.(9) 




5.0 




5.0 




10 


yAdc 














1 


10 












2,3,5,8,9 


I.Cfd) 




30 




30 




40 


„Adc 


Forward Current 










2 




10 












5 


%U2) 




-0.95 




-0.95 




-0.90 


mAdc 












3 




10 












5 


%l f (3) 




-0.95 




-0.95 




-0.90 














8 




10 












5 


%U(8) 




-0.95 




-0.95 




-0.90 














9 




10 












5 


%l,(9) 




-0.95 




-0.95 




-0.90 


mAdc 








3 








10 








1 




5 


U»(l) 




-2.80 




-2.80 




-2.67 


mAdc 








8 
















1 




5 


hc,M 




-2.80 




-2.80 




-2.67 














7 




10 












4,5,8 


l»(7) 




-1.05 




-1.05 




-l.OO 


mAdc 


Power Drain Current 


























5 


I,dh(10) 








14.0 






mAdc 




















10 








1,2.3,5,8,9 


UU0) 








18.0 








Switching Time 


Pulse 


Pulse 








































(Pins 2 and 6 are 


In 


Out 








































connected, Pins 4 


1 


4 






















5 


t* + 






25 


75 








and 8 are connected) 


1 


4 






















5 








35 


75 









Pins not listed are left open 

0 Momentarily ground this terminal before applying —0.12 mA ® Momentarily ground this terminal before applying l ol to complementary terminal, 

® CP, = Clock Pulse a '■*•> terminal of opposite function 

CP* b = Clock Pulse b ®V, LS = V, l 

CP, = Clock Pulse c 
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■ Integrated Circuits ■ 



MC930/MC830 (continued) 
FLIP-FLOPS 

MC945G 
MC845G 

CLOCKED FLIP-FLOPS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




NOTE: For Clock Pulse Waveforms and. 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 




CP 1 6 6 5GND 



ELECTRICAL CHARACTERISTICS — MC945G 



@ Test 
Temperature 



+2S°C 
+125*C " 



'ex 

Pin No P 



lo Pin No P 



9 Pin No 



Vcc 

Pin No Pi 



o PinNo 



CPt c > c Grounded 

PinNo PinNo PinNo 



Symbol 

PinNo 
in( ) 



1.(2) 
1.(3) 
1.(7) 
1.(8) 
1.(9) 

l.cd) 

%l,(2) 
%l f (3) 

%Ip(9) 



l«(7) 



2.50 
2.50 



+125'C 



0.45 
0.45 



mAdc 
mAdc 



Powtr Drain Currtit 



SwIteblifTint 

(Pin 2 connected to 
Pin 6, Pin 4 
connected to Pin 8) 
Pins not listed are left open 



J) CP. = Clock Pulse a 
CP, = Clock Pulse c 
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Integrated Circuits 

MC930/MC830 (continued) 
FLIP-FLOPS 

CLOCKED FLIP-FLOPS 



This clocked flip-flop consists of two- directly coupled flip-flops, operating on the familiar "master- 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip-flop. When the clock voltage is high, the input informa- 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operated in either the R-S or J-K mode. For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous input, direct 
set (S D ), overrides the synchronous inputs. No matter what other inputs are applied to the flip-flop, the 
direct set input prevails. 

The outputs of the MC945 and MC845 are buffered, thereby reducing the possibility of circuit disturb- 
ance from external line noise. 



SYNCHRONOUS TRUTH TABLE 



Pin 8 



J-K TRUTH TABLE 



(Connect Si to Q, C2 to Q) 



Pin 2 



Pin 9 



l 



- Low State (more negative) 

- High State (more positive) 

-State of the input does not affect the state of the 
circuit. 

- Indeterminate State 



ELECTRICAL CHARACTERISTICS — MC845G 





Test Conditions 


























m 


A 


Volts 
























@ Test / °° C 


16.8 


-0.12 


1.20 


2.00 


0.45 


4.00 


5.00 




























16.8 


-0.12 


1.10 


1.30 


0.45 


4.00 


5.00 


5.00 


8.00 
























16.0 


-0.12 


0.95 


1.80 


0.50 


4.00 


5.00 


































V,L 

PinNo 


V| H 

PinNo 


V F 

PinNo 


v* 

PinNo 


Vcc 

PinNo 


PinNo 


PinNo 


© 
CP, 

PinNo 


® 


Grounded 

PinNo 


Symbol 

Pin No 


Test Limit 






Characteristic 


"ot 

PinNo 


Ioh 

PinNo 


CP C 

PinNo 


0'C 


+25"C 


+75°C 






in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltaje 


4 
6 




















1 
1 


2,5 
5,9 


Vol (4) 
V 0l (6) 




0.45 
0.45 




0.45 
0.45 




0.50 
0.50 


Vdc 
Vdc 






4 


8 


2,3 






10 






1 




5 


V 0M (4) 


2.60 




2.60 




2.50 




Vdc 






4 


9 


2,3 






10 






1 




5 


V OH (4) 


2.60 




2.60 




2.50 




Vdc 






6 


2 


8,9 






10 






1 




5 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 


3 


8,9 






10 






1 




5 


V oh (6) 


2.60 




2.60 




2.50 




Vdc 






4 


7® 








10 






1 




2,3,5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 


Reverse Currmt 












2 


10 










1,5 


1.(2) 




5.0 




5.0 




10 


„Adc 














3 


10 










1,5 


1,(3) 




5.0 




5.0 




10 


„Adc 














7 


10 






1 




5,8,9 


1.(7) 




5.0 




5.0 




10 


^Adc 














8 


10 










1.5 


1.(8) 




5.0 




5.0 




10 


M Adc 














9 


10 










1,5 


1.(9) 




5.0 




5.0 




10 


M Adc 














1,10 












2,3,5,8,9 


l.c-U) 




30 




30 




40 


/iAdc 


Forward Current 










2 




10 










5 


%l,(2) 




-0.95 




-0.95 




-0.90 














3 




10 










5 


V3l f (3) 




-0.95 




-0.95 




-0.90 














8 




10 










5 


%l f (8) 




-0.95 




-0.95 




-0.90 


mAdc 












9 




10 










5 

1,5 


%l f (9) 
IfcpH) 




-0.95 
-2.80 




-0.95 
-2.80 




-0.90 
-2.67 


mAdc 












7 




10 










2,5 


If,(7) 




-2.80 




-2.80 




-2.67 




Power Drain Current 
























5 

1,2,3,5,8,9 


UhUO) 
U.(10) 








14 
18 






mAdc 


Switching Time 


Pulse 


Pulse 






































(Pin 2 connected to 


In 


Out 






































Pin 6, Pin 4 




4 




















5 


tp d + 






25 


100 








connected to Pin 8) 
























5 








15 


55 






ns 



Pins not listed are left open ® CP. — Clock Pulse a 

SV, IS = V IL CP t = Clock Pulse c 
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Integrated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

MC948G 
MC848G 

CLOCKED FLIP-FLOPS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 




— [)f-0 8C 2 



ELECTRICAL CHARACTERISTICS — MC948G 













Test 


Conditions 
































mA 


Volts 






















^, / -55°C 

@Te$t I +2 ,. c 
Temperature | +12J0C 


13.0 


-0.12 


1.40 


2.10 


0 


4.00 




4.50 


5.50 


























13.6 


-0.12 


1.10 


2.00 


0 


4.00 


5.00 


4.50 


5.50 


5.00 


8.00 






















12.3 


-o.i ; 


0.80 


2.00 


0 


4.00 




4.50 


5.50 


















































® 
CP. 


® 


Grounded 


Symbol 


Test Limits 




Characteristic 


loi 


■OH 


V, L 


V| H 


V F 


V, 


Vcc 


VcCL 


Vcch 






CP C 




PinNo 


-55'C 


+25 °C 


+125-C 






PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltage 


4 
























1 


2,5 


Vol (4) 




0.40 




0.40 




0.45 


Vdc 




6 














10 










1 


5,9 


Vol (6) 




0.40 




0.40 




0.45 


Vdc 






4 




2,3 








10 












5 


VohW 


2.50 




2.60 




2.50 




Vdc 






4 


9 


2,3 








10 












5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 






6 


2 


8,9 








10 












5 


V 0 h(6) 


2.50 




2.60 




2.50 




Vdc 






6 


3 


8,9 








10 












5 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






4 


7® 










10 












2,3,5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 


Reverse Current 




























1,5 


1.(2) 




2.0 




2.0 




5.0 


„Adc 






























1,5 


1,(3) 




2.0 




2.0 




5.0 


„Adc 














7 












1 




5,8,9 


U(7) 




2.0 




2.0 




5.0 


A Adc 






























1,5 


1.(8) 




2.0 




2.0 




5.0 


A Adc 






























1,5 


1,(9) 




2.0 




2.0 




5.0 


A Adc 






























2,3,5,8,9 


l.c-d) 




20 




20 




30 


M Adc 


Forward Current 




























5 


%l f (2) 




-1.07 




-1.07 




-1.00 


mAdc 






























5 


%l f (3) 




-1.07 




-1.07 




-1.00 














8 


















5 


%l,(8) 




-1.07 




-1.07 




-1.00 


mAdc 






























5 


%l f (9) 




-1.07 




-1.07 




-1.00 


mAdc 






























1,5 


Ifc,(U 




-3.20 




-3.20 




-3.00 


mAdc 






























2,5 


Ik (7) 




-3.20 




-3.20 




-3.00 




Power Drain Current 




























5 


W>h(10) 








13.5 




































1,2,3,5,8,9 


U.U0) 








19.0 






mAdc 


Switching Time 


Pulse 


Pulse 










































(Pin 2 connected to 


In 


Out 










































Pin 6, Pin 4 con- 


1 


4 
























5 


t*+ 






25 


75 








nected to Pin 8) 


1 


4 










10 














5 








15 


55 









Pins not listed are left open ® CP. = Clock Pulse a 

®V„.j = V„. CP, = Clock Pulse c 
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I nf eg rated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

CLOCKED FLIP-FLOPS 

This clocked flip-flop consists of two directly coupled flip-flops, operating on the familiar "master- 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip-flop. When the clock voltage is high, the input informa- 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operated in either the R-S or J-K mode. For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous input, direct 
set (S D ), overrides the synchronous inputs. No matter what other inputs are applied to the flip-flop, the 
direct set input prevails. 

The outputs of the MC948 and MC848 are buffered, thereby reducing the possibility of circuit disturb- 
ances from external line noise. 

The output pull-up resistor has been changed from that utilized in the MC945 and MC845 in order 
to improve the propagation delay-versus-capacitance characteristics. 



SYNCHRONOUS TRUTH TABLE J-K TRUTH TABLE 



t 


«.+. 


s, 




c. 




Q 


Pin 2 


Pin 3 


Pin 9 


Pin 8 


Pin 4 


0 




0 




0, 


0 






0 


0, 


X 


0 


0 




Q„ 




0 




0 


Qn 


0 




l 


l 


0 




0 


l 


l 


0 


1 


1 


0 




l 


1 


1 


X 


0 


1 


1 


1 


1 


1 


u 



0 — Low State (more negative) 
1 — High State (more positive) 

x — State of the input does not affect the state of the 

circuit. 
U — Indeterminate State 



ELECTRICAL CHARACTERISTICS — MC848G 





Test Conditions 


























mA 


Volts 
























r o°c 
©Test \ , 250 . 
Temperature \ 


1S.4 


-0.12 


1.20 


2.00 


0.45 


4.00 


5.00 




























15.4 


-0.12 


1.10 


1.90 


0.45 


4.00 


5.00 


5.00 


8.00 
























14.6 


-0.12 


0.95 


1.80 


0.50 


4.00 


5.00 






























lot 


'oh 


V,i 

PinNo 






V R 








® 


® 


Grounded 

PinNo 


Symbol 


Test Limits 




Characteristic 


Pin No 


PinNo 


V, H 

PinNo 


V F 

PinNo 


PinNo 


Vcc 

PinNo 


v ro 

PinNo 


PinNo 


CP. 

PinNo 


CP C 

PinNo 


PinNo 


0° 


c 


+25 


•c 


+75°C 






in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltati 


4 












10 








1 


2,5 


Vol (4) 




0.45 




0.45 




0.50 


Vdc 




6 












10 








1 


5,9 


Vol (6) 




0.45 




0.45 




0.50 


Vdc 








8 


2,3 






10 










5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 






4 


9 


2,3 






10 










5 


VohW 


2.60 




2.60 




2.50 




Vdc 






6 


2 


8,9 






10 










5 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 


3 


8,9 






10 










5 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






4 


7© 








10 










2,3,5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 


Reverse Current 












2 


10 










1,5 


1.(2) 




5.0 




5.0 




10 


j.Adc 














3 


10 










1,5 


1.(3) 




5.0 




5.0 




10 . 


/iAdc 














7 


10 






1 




5,8,9 


1.(7) 




5.0 




5.0 




10 


^Adc 














8 


10 










1,5 


1.(8) 




5.0 




5.0 




10 


M Adc 














9 


10 










1,5 


1.(9) 




5.0 




5.0 




10 


„Adc 














1 


10 










2,3,5,8,9 


Uo(U 




30 




30 




40 


„Adc 


Forward Current 










2 




10 










5 


%l,(2) 




-0.95 




-0.95 




-0.90 


mAdc 












3 




10 










5 


%U(3) 




-0.95 




-0.95 




-0.90 


mAdc 












8 




10 










5 


%U(8) 




-0.95 




-0.95 




-0.90 














9 




10 










5 

1,5 


%l,(9> 
Wed) 




-0.95 
-2.80 




-0.95 
-2.80 




-0.90 
-2.67 














7 




10 










2,5 


W7) 




-2.80 




-2.80 




-2.67 




Fewer Drain Current 
























5 

1,2,3,5,8,9 


l,o«(10) 
UdO) 








17 
22.5 






mAdc 
mAdc 


Switchlni Time 


Pulse 


Pulse 






































(Pin 2 connected to 


In 


Out 






































Pin 6, Pin 4 con- 


1 


4 










10 










5 


t M + 






25 


75 






ns 


nected to Pin 8) 


1 












10 










5 








15 


55 









Pins not listed are left open ® CP. = Clock Pulse a 

©V, ls = V 1L CP. — Clock Pulse c 
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Integrated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

DVIC931F 
§VIC83ir= 

CLOCKED FLIP-FLOPS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 




ELECTRICAL CHARACTERISTICS — MC931F 













Test 


Conditions 


































mA 


Volts 
























@Te$t ( 
Temperature^ 


10.0 


-0.12 


1.40 


2.10 


0 


4.00 




4.S0 


5.50 




























10.6 


-0.12 


1.10 


2.00 


0 


4.00 


3.00 


4.50 


5.50 


5.00 


8.00 
























9.5 


-0.12 


0.80 


2.00 


0 


4.00 




4.50 


5.50 




















































© 


<S> 


ti> 


Grounded 


Symbol 


Test Limit 


S 




Characteristic 


"OL 


"ONI 


V, L 


Vih 


V F 


v* 


Vcc 


VcCL 


*cch 






CP. 


CP e 


PinNo 




5°C 


+25°C 


+ 1 


25°C 




Pin No 


Pin No 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltage 


6 


























2 


3,7,9® 


Vol(6) 




0.40 




0.40 




0.45 


Vdc 




9 


























2 


6®, 7, 12 


Voi (9) 




0.40 




0.40 




0.45 


Vdc 






6® 


11 


3,4 






















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6® 


12 


3,4 
















2 






7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6 


10© 


5 






















3,4,7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






9® 


3 


11,12 
















2 






7 


Voh(9) 


2.50 




2.60 




2.50 




Vdc 






9® 


4 


11,12 








14 








2 






7 


Voh(9) 


2.50 




2.60 




2.50 




Vdc 






9 


5© 


10 
















2 






7,11,12 


VohO) 


2.50 




2.60 




2.50 




Vdc 


diverse Current 






























2,7 


1.(3) 




2.0 




2.0 




5.0 


„Adc 
































2,7 


1,(4) 




2.0 




2.0 




5.0 


„Adc 
































3,4,7 


1.(5) 




2.0 




2.0 




5.0 


„Adc 














10 






14 






2 






7,11,12 


1.(10) 




2.0 




2.0 




5.0 


„Adc 
































2,7 


1.(11) 




2.0 




2.0 




5.0 


„Adc 
































2,7 


1.(12) 




2.0 




2.0 




5.0 


„Adc 
































3,4,7,11,12 


l.a.(2) 




20 




20 




30 


^Adc 


Forward Current 






























7 


%U(3) 




-1.07 




-1.07 




-1.00 


































7 


W,H) 




-1.07 




-1.07 




-1.00 


































7 






-1.07 




-1.07 




-1.00 


mAdc 
































7 


%l,(12) 




-1.07 




-1.07 




-1.00 






























2 




7 


l»c,(2) 




-3.20 




-3.20 




-3.00 


mAdc 




























2 




7 


l,c,(2) 




-3.20 




-3.20 




-3.00 


mAdc 












5 








14 












4,7,9,10 


l-$(5) 




-1.20 




-1.20 




-1.10 


































5,6, 7,11 


l«(10) 




-1.20 




-1.20 




-1.10 


mAdc 


Power Drain Currant 






























7 


Ikh(14) 








11.0 






mAdc 
































2,3,4,7,11,12 


U.(14) 








14.5 








Switching Time 


Pulse 


Pulse 












































(Pins 3 and 9 are con- 


In 


Out 












































nected, Pins 6 and 11 


2 


6 


























7 


t* + 






25 


75 






ns 


are connected) 


2 


6 


























7 








35 


75 






ns 



Pins not listed are left open 

0 Momentarily ground this terminal before applying -0.12 mA ® Momentarily ground this terminal before applying Ic to complementary 

©CP, Clock Pulse a terminal, i.e., terminal of opposite function 

CP* b — Clock Pulse b ®V, lt = V„. 

CP« — Clock Pulse e 
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Integrated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

K/i](D93^[F 
LWa<©SS1][F 

CLOCKED FLIP-FLOPS 



This clocked flip-flop consists of two directly coupled flip-flops, operating on the familiar "master- 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip-flop. When the clock voltage is high, the input informa- 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operated in either the R-S or J-K mode. For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Direct set (S D ) and direct 
clear (C D ) inputs are available. 



SYNCHRONOUS TRUTH TABLE 





t.+l 


s, 

Pin 3 


s, 

Pin 4 


c, 

Pin 12 


Pin 11 


Q 

Pin 6 


0 




0 




a. 


0 






0 


a. 




0 


0 


X 


a. 




0 




0 


a. 


0 




1 




0 




0 


1 


1 


0 


l 


1 


0 




i 


l 


l 




0 


i 


l 


1 


1 


1 


u 



0 — Low State (more negative) 

1 — High State (more positive) 

x — State of the Input does not affect the state of the 

circuit. 
U — Indeterminate State 



ASYNCHRONOUS TRUTH TABLE 



Co 

PinS 



Q 

Pin 9 



J-K TRUTH TABLE 

(Connect S2 to Q, O to Q) 



t, 


w, 


s, 

Pin 3 


c, 

Pin 12 


Q 
Pin 6 


0 


0 


a, 


1 


0 


1 


0 


1 


0 


1 


1 


a. 



Asynchronous inputs, direct set (So) and direct clear (Co), 
override the synchronous inputs; they are independent of all 
other inputs. 



ELECTRICAL CHARACTERISTICS — MC831F 





Test Conditions 




























m 


A 




irotts 


























©Test 
Temperature | +75 . c 


10.5 


-0.12 


1.20 


2.00 


0.45 


4.00 


5.00 






























10.5 


-0.12 


1.10 


1.90 


0.45 


4.00 


5.00 


5.00 


1.03 


























10.2 


-0.12 


0.95 


1.80 


0.50 


4.00 


5.00 


















































® 
CP. 


® 


® 
CP e 




Symbol 


Test Limit 


( 




Characteristic 


Iol 


Ioh 


V IL 


V| H 


V f 


v„ 


Vcc 








Grounded 


PinNo 


0 


•c 


+25 »C 


+7 


)"C 






PinNc 


Pin No 


Pin No 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 




PinNo 


PinNc 


in() 


Min 


Max 


Uin 


Max 


Min 


Max 


Unit 


Output Vottui 


6 












14 










2 


3,7,9® 


V 0 i(6) 




0.45 




0.45 




0.50 


Vdc 




9 






















2 


6®, 7, 12 


V£(9) 




0.45 




0.45 




0.50 


Vdc 






6® 


11 


3,4 






14 






2 






7 


Vch(6) 


2.60 




2.60 




2.50 




Vdc 






6® 


12 


3,4 






14 






2 






7 


Von (6) 


2.60 




2.60 




2.50 




Vdc 






6 


10® 


5 






14 






2 






3,4,7 


Vom<6) 


2.60 




2.60 




2.50 




Vdc 






9® 


3 


11,12 






14 






2 






7 


VohO) 


2.60 




2.60 




2.50 




Vdc 






9® 


4 


11,12 






14 






2 






7 


VohO) 


2.60 




2.60 




2.50 




Vdc 






9 


5® 


10 






14 






2 






7.11,12 


VohO) 


2.60 




2.60 




2.50 




Vdc 


Rimsi Currtit 












3 


14 












2.7 


1.(3) 




5.0 




5.0 




10 


A Adc 














4 


14 












2,7 


1.(4) 




5.0 




5.0 




10 


A Ade 














S 


14 






2 






3,4.7 


1.(5) 




5.0 




5.0 




10 


M Adc 














10 


14 






2 






7.11,12 


1,(10) 




5.0 




5.0 




10 


jjAdc 














11 


14 












2,7 


1.(11) 




5.0 




5.0 




10 


„Adc 














12 


14 












2,7 


1,(12) 




5.0 




5.0 




10 


jiAdc 














2 


14 












3,4,7,11.12 


l.c(2) 




30 




30 




40 


M Adc 


Forwiri Curriit 










3 




14 












7 


%l,<3) 




-0.95 




-0.95 




-0.90 














4 




14 












7 


%l,(4) 




-0.95 




-0.95 




-O.90 


mAdc 












11 




14 












7 


%U11) 




-0.95 




-0.95 




-0.90 


mAde 












12 




14 












7 


% 1,(12) 




-0.95 




-0.95 




-0.90 


mAdc 








4 








14 








2 




7 


to (« 




-2.80 




-2.80 




-2.67 


mAdc 








11 








14 








2 




7 


Uo(2) 




-2.80 




-2.80 




-2.67 


mAdc 












5 




14 












4.7,9, 10 


Us (5) 




-1.05 




-1.05 




-1.0O 


mAdc 












10 




14 












5.6,7,11 


lp.(10) 




-1.05 




-1.05 




-1.00 


mAdc 


Powtr Drain Cimrt 
















14 










7 


lro« (14) 








14.0 






mAdc 




























2.3,4,7,11,12 


1— .(14) 








18.0 






mAdc 


Switching Tint 


Pulse 


Pulse 








































(Pins 3 and 9 ire con- 


In 


Out 








































nected, Pins 6 and 11 


2 


6 
























«M + 






25 


75 






ns 


are connected) 


2 


6 










14 




















35 


75 






ns 



Pins not listed are left open 

® Momentarily ground this terminal before applying -0.12mA ® Momentarily ground this terminal before applying l<x to complementary 

® CP, — Clock Pulse a terminal, i.e., terminal of opposite function 

CP k — Clock Pulse b ®V lt , = V ll 

CP. — Clock Pulse e 
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Integrated Circuits 



MC930/MC830 (continued) 
FLIP-FLOPS 

MC945F 
MC845F 

CLOCKED FLIP-FLOPS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 




CP 2 A 6 7 GND 



ELECTRICAL CHARACTERISTICS — MC945F 



@ TeS t / +25-C 

emperature \ +mn 


Test Conditions 




mA 


Volts 


14.8 


MJ.12 


1.40 


2.10 


0 


4.00 




4.50 


5.50 






15.2 


r-0.12 


1.10 


2.00 


0 


4.00 


5.00 


4.50 


5.50 


5.00 


8.00 


13.8 


Lo.12 


0.80 


2.00 


0 


4.00 




4.50 


5.50 






Characteristic 


Iol 

Pin No 


'oh 

PinNo 


V,L 

PinNo 


v,„ 

PinNo 


v F 

'inNo 


V» 

PinNo 


V C c 

PinNo 


VcCL 

PinNo 


^CCH 

PinNo 


PinNo 


PinNo 


® 
CP. 

PinNo 


6 
CP C 
PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limits 


Unit 


-55"C 


+25 "C 


+125-C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Volt** 


6 
























2 


3,7 


V ot (6) 




0.40 




0.40 




0.45 


Vdc 




9 
























2 


7,12 


Vol (9) 




0.40 




0.40 




0.45 


Vdc 






6 


11 


3,4 








14 








2 




7 


Vo„(6) 


2.50 




2.60 




2.50 




Vdc 






6 


12 


3,4 








14 








2 




7 


Vo„(6) 


2.50 




2.60 




2.50 




Vdc 






6 


10® 


5 








14 








2 




3,4,7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






9 


3 


11,12 








14 








2 




7 


Voh(9) 


2.50 




2.60 




2.50 




Vdc 






9 


4 


11,12 








14 








2 




7 


Vo„(9) 


2.50 




2.60 




2.50 




Vdc 






9 


5® 


10 








14 








2 




7,11,12 


Voh<9) 


2.50 




2.60 




2.50 




Vdc 


Rivtrti Currtit 




























2,7 


1,(3) 




2.0 




2.0 




5.0 


,jAdc 














4 
















2,7 


1.(4) 




2.0 




2.0 




5.0 


lAdc 














5 












2 




3,4,7 


1,(5) 




2.0 




2.0 




5.0 


/iAdc 


























2 




7,11,12 


1,(10) 




2.0 




2.0 




5.0 


„Adc 






























2,7 


l.dl) 




2.0 




2.0 




5.0 


/.Adc 






























2,7 


1.(12) 




2.0 




2.0 




5.0 


,jAdc 






























3,4,7,11,12 


I.cf(2) 




> 20 




20 




30 


u Adc 


Forward Currtat 




























7 


%U3) 




-1.07 




-1.07 




-1.00 
































7 


%M4) 




-1.07 




-1.07 




-1.00 


mAdc 






























7 


%lf(ll) 




-1.07 




-1.07 




-1.00 


mAdc 












12 


















7 


%I F (12) 




-1.07 




-1.07 




-1.00 
































2,7 


l,c,(2) 




-3.20 




-3.20 




-3.00 


mAdc 






























2,7 


l F c,(2) 




-3.20 




-3.20 




-3.00 














5 


















3,7,10,12 


l«(5) 




-3.20 




-3.20 




-3.00 
































4, 5,7,11 


l«(10) 




-3.20 




-3.20 




-3.00 


mAdc 


Powtr Drain Currtit 




























7 

2,3,4,7,11,12 


U(M) 
L..I14) 








11.0 
14.5 






mAdc 


Switchini Timi 

(Pin 3 connected 
to Pin 9, Pin 6 
connected to Pin 11) 


Pulse 
In 


Pulse 
Out 
























7 
7 


C- 






25 
15 


100 
55 






ns 


2 
2 


6 
6 



Pins not listed are left open ® CP. = Clock Pulse a 

®V ul = V, L CP, - Clock Pulse c 
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MC930/MC830 (continued) 
FLIP-FLOPS 

IVICS45F 

CLOCKED FLIP-FLOPS 

This clocked flip-flop consists of two directly coupled flip-flops, operating on the familiar "master- 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip-flop. When the clock voltage is high, the input informa- 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operated in either the R-S or J-K mode. For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous inputs, direct 
set (S D ) and direct clear (C D ), override the synchronous inputs. No matter what other inputs are applied 
to the flip-flop, the direct set and clear inputs prevail. 

The outputs of the MC945 and MC845 are buffered, thereby reducing the possibility of circuit disturb- 
ance from external line noise. 



SYNCHRONOUS TRUTH TABLE 



ASYNCHRONOUS TRUTH TABLE 





t„+, 


s, 

Pin 3 


s 2 
Pin 4 


c, 

Pin 12 


Pin 11 


Q 

Pin 6 


0 


X 


0 




Qn 


0 






0 


a, 




0 


0 




Qn 




0 




0 


Qn 


0 






l 


0 




0 


l 


l 


0 


1 


1 


0 




1 


1 






0 


1 


1 


1 


1 




u 



J-K TRUTH TABLE 

(Connect Sj to Q, C2 to Q) 



- Low State (more negative) 

- High State (more positive) 

- State of the input does not affect the state of the 





tn + . 


s, 

Pin 3 


c, 

Pin 12 


Q 
Pin 6 


0 


0 


Qn 


1 


0 


1 


0 


1 


0 


1 




Qn 



Asynchronous inputs, direct set (So) and direct clear (Cd), 
override the synchronous inputs; they are independent of all 
other inputs. 



ELECTRICAL CHARACTERISTICS — MC845F 



@ Test ( 
Temperature ) 



+2S°C 
+75»C 



lo PinNo Pi 



1 PinNo P 



CP, CP e Grounded 

0 PinNo PinNo PinNo 



Symbol 

PinNo 



11,12 
11,12 



2.50 
2.50 



Forward Current 



Ptwtr Drain Cvrrtit 

Switchini Tim* 

(Pin 3 connected 
to Pin 9, Pin 6 
connected to Pin 11) 

Pins not listed are left open 



3,7,10,12 
4, 5, 7,11 



1.(10) 
1.(11) 
1.(12) 
l.c>(2) 
%U(3) 
%l f {4) 
%UH) 
WA12) 
Uc,(2) 
Uc,(2) 



-0.95 
-0.95 
-2.80 



^Adc 
„Adc 
/iAdc 



mAdc 
mAdc 
mAdc 

mAdc 



® CP. = Clock Pulse a 
CP, = Clock Pulse c 
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MC930/MC830 (continued) 



FLIP-FLOPS 
CLOCKED FLIP-FLOPS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 



SYNCHRONOUS TRUTH TABLE 



s, 

Pin 3 



0 — Low State (more negative) 

1 — High State (more positive) 

x— State of the input does not affect the state of the 

circuit. 
U — Indeterminate State 




CP 2 O A 7GND 



ELECTRICAL CHARACTERISTICS — MC948F 



©Test 
Temperature 



+25°C 
[+125»C 



Id 

PinNo P 



o PinNo 



CP CP Grounded 

PinNo PinNo PinNo 



Symbol 



+125°C 



3,7,10,12 
4,5,7,11 



1.(12) 
Up (2) 
%l,0) 
%K4) 

%l,<12) 
lr»(2) 
lrcr(2) 
ln(5) 
l»(10) 



2.60 
2.60 



M Adc 
^Adc 



Powtr Drain Current 



Switching Timi 

(Pin 3 connected 

to Pin 9; Pin 6 

connected to Pin 11) 
Pins not listed are left 0| 
® V„.s = V 1L 



® CP, = Clock Pulse a 
CP, = Clock Pulse c 
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MC930/MC830 (continued) 
FLIP-FLOPS 

GVlIOcB^BEF 
clocked flip-flops 



This clocked flip-flop consists of two directly coupled flip-flops, operating on the familiar "master- 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip-flop. When the clock voltage is high, the input informa- 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operated in either the R-S or J-K mode. For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous inputs, direct 
set (S D ) and direct clear (C D ), override the synchronous inputs. No matter what other inputs are applied 
to the flip-flop, the direct set and clear inputs prevail. 

The outputs of the MC948 and MC848 are buffered, thereby reducing the possibility of circuit disturb- 
ances from external line noise. 

The output pull-up resistor has been changed from that utilized in the MC945 and MC845 in order 
to improve the propagation delay-versus-capacitance characteristics. 



ASYNCHRONOUS TRUTH TABLE 



So 


c D 


Q 


Q 


Pin 10 


Pin 5 


Pin 6 


Pin 9 


1 


l 


NC 


NC 


0 


l 


1 


0 


1 


0 


0 


1 


c 


0 


1 


1 



J-K TRUTH TABLE 



(Connect S2 to Q, Cj to Q) 





t,+, 


s, 


c, 


Q 


Pin 3 


Pin 12 


Pin 6 


0 


0 


Qn 


l 


0 


1 


0 


1 


0 


1 


1 


Q» 



Asynchronous inputs, direct set (Sd) and direct clear (Co), 
override the synchronous inputs; they are independent of all 
other inputs. 



ELECTRICAL CHARACTERISTICS — MC848F 





Test Conditions 


























mA 


Volts 
























emperature \^ 750C 


15.4 


-0.12 


1.20 


2.00 


0.45 


4.00 


5.00 




























15.4 


-0.12 


1.10 


1.90 


0.45 


4.00 


5.00 


5.00 


8.00 
























14.6 


1-0.12 


0.95 


1.80 


0.50 


4.00 


5.00 






























lot 


Ioh 


v IL 


V| H 


v. 


v„ 


Vcc 


Vro 




G> 
CP. 




Grounded 


Symbol 


Test Limits 




Characteristic 


















CP C 


PinNo 


0 


•c 


+25°C 


4-75'C 












































PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output VoltiiB 


6 




















2 


3,7 


Vol (6) 




0.45 




0.45 




0.50 


Vdc 




9 












14 








2 


7,12 


Vol (9) 




0.45 




0.45 




0.50 


Vdc 






6 


11 


3,4 






14 






2 




7 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 


12 


3,4 






14 






2 




7 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 


10© 


5 






14 






2 




3,4,7 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






9 


3 


11,12 






14 






2 




7 


VohO) 


2.60 




2.60 




2.50 




Vdc 






9 




11,12 






14 






2 




7 


VomO) 


2.60 




2.60 




2.50 




Vdc 






9 


5 CD 


10 






14 






2 




7,11,12 


VohO) 


2.60 




2.60 




2.50 




Vdc 


Reversi Current 












3 


14 










2,7 


1.(3) 




5.0 




5.0 




10 


M Adc 














4 


14 










2,7 


1.(4) 




5.0 




5.0 




10 


„Adc 














5 


14 






2 




3,4,7 


1.(5) 




5.0 




5.0 




10 


„Adc 














10 


14 






2 




7,11,12 


1,(10) 




5.0 




5.0 




10 


^Adc 














11 


14 










2,7 


l.dl) 




5.0 




5.0 




10 


^Adc 














12 


14 










2,7 


1.(12) 




5.0 




5.0 




10 


„Adc 














2 


14 










3,4,7,11,12 


l.o(2) 




30 




30 




40 


^Adc 


Forward Curreit 










3 




14 










7 


%l,(3) 




-0.95 




-0.95 




-0.90 














4 




14 










7 


V>l,(4) 




-0.95 




-0.95 




-0.90 


mAdc 












11 




14 










7 






-0.95 




-0.95 




-0.90 


mAdc 












12 




14 










7 


%M12) 




-0.95 




-0.95 




-0.90 










5 


















2,7 


Ik, (2) 




-2.80 




-2.80 




-2.67 


mAdc 








10 








14 










2,7 


Ik, (« 




-2.80 




-2.80 




-2.67 


mAdc 












5 




14 










3,7,10,12 


In (5) 




-2.80 




-2.80 




-2.67 


mAdc 












10 




14 










4,5,7.11 


l„U0) 




-2.80 




-2.80 




-2.67 




Fewer Drain Current 
























7 


l P w(14) 








17 
































2,3,4,7,11,12 


U(14) 








22.5 








Swltchini Time 


Pulse 


Pulse 






































(Pin 3 connected 


In 


Out 






































to Pin 9, Pin 6 


2 


6 










14 










7 


, pi + 






25 


75 






ns 


connected to Pin 11) 


2 


6 










14 










7 








15 


56 






rs 



Pins not listed are left open ® CP. = Clock Pulse a 

®V, Ll = V„. CP C = Clock Pulse c 
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MC930/MC830 (continued) 
FLIP-FLOPS 



Integrated Circuits 



CLOCK PULSE WAVEFORMS 



Pulse a 
CP. > 2.5 V 



PULSE b 
CP b > 2.5 V 



PULSE c 
CP e > 2.5 V 




MOMENTARY GROUNDS RELEASED (MC931, MC831) 



TEST CONDITIONS 





Vcmh 


MC931 


MC945 


MC948 


-55°C 


1.10 V 


1.15V 


1.30 V 


+25"C 


0.95 V 


0.95 V 


1.15 V 


4-125°C 


0.75 V 


0.65 V 


0.85 V 




MC831 


MC845 


MC848 


0°C 


1.00 V 


1.00 V 


1.20 V 


4-25-C 


0.95 V 


0.95 V 


1.15 V 


+75'C 


0.85 V 


0.65 V 


0.85 V 



t» < 1 m 



PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 



PULSE WIDTH = 200 ns 

n_rv: =4V 

— I I — I 1— 0 Vdc 



PULSE INPUT O- 



E 



tr = tf = 10 ns 



"fm^ 



— o v cc = 5.0 Vdc 



— O TO OSCILLOSCOPE 



MC833 or 
- ^ equivalent 

~l~ used for 
C \S diodes. 



For devices in the 10-pin can, 
the following connections apply: 
Cp = pin 1 

51 = pin 2 

52 = pin 3 
Ci = pin 9 
Cj = pin 8 
Q = pin4 
Q = pin 6 

Vcc = pin 10 
GND = pin 5 



TEST 


R 


C 




3.9 kohms 


30 pF 


tpd- 


400 ohms 


30 pF 



OUTPUT 
WAVEFORM 





s — r — 1 


s — t- 










tpd+ 




^ 


c 









1.5 V 
GND 
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MC930/MC830 (continued) 
GATE EXPANDERS 

DUAL 3-4 INPUT 
EXPANDERS 



This dual expander consists of two independent diode networks with characteristics matched to 
the input diodes of the gate and buffer elements in this logic family. Its use increases the fan-in capa- 
bility of other MDTL devices to a maximum of 20 while only slightly affecting performance. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




10 o ft- 

»° — w- 



3° W- 

<° G- 



— r-Vr- 



[Mi CS33F 
MC833F 

DUAL 4-INPUT 
EXPANDERS 



This dual expander consists of two independent diode networks with characteristics matched to 
the input diodes of the gate and buffer elements in this logic family. Its use increases the fan-in capa- 
bility of other MDTL devices to a maximum of 20 while only slightly affecting performance. 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 
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MC930/MC830 (continued) 
GATE EXPANDERS 

BVIC933G 

DUAL 3-4 INPUT EXPANDERS 



ELECTRICAL CHARACTERISTICS 



Test Conditions 



©Test ( 

Temperature \ + ; M . c 


2.00 


4.00 




















2.00 


4.00 




















2.00 


4.00 






















lw 

Pin No 


V, 


Grounded 


Symbol 


Test Limits 




Characteristic 


PinNo 


PinNo 


Pin No 


— 55-C 


-+-25-C 


+125'C 










in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Forward Voltap 


2 




1.5 


V,„(2) 




0.98 




0.82 




0.65 


Vdc 




2 




3.5 


V,d<2) 




0.98 




0.82 




0.65 


Vdc 




2 




4,5 


V,„(Z) 




0.98 




0.82 




0.65 


Vdc 




2 




5,10 


V«(2) 




0.98 




0.82 




0.65 


Vdc 




2 




1,3,4,5,10 


V, D (2> 


0.85 




0.70 




0.50 




Vdc 




8 




5,6 


V F0 (8) 




0.98 




0.82 




0.65 


Vdc 




8 




5,7 


V F0 (8) 




0.98 




0.82 




0.65 


Vdc 




8 




5,9 


V FB (8) 




0.98 




0.82 




0.65 


Vdc 




8 




5,6,7,9 


V„(8J 


0.85 




0.70 




0.50 




Vdc 


Rivirti Currant 




1 


3,4,5,10 


l.d) 




2.0 




2.0 




5.0 


pAdc 






3 


1,4,5,10 


1.(3) 




2.0 




2.0 




5.0 


pAdc 








1,3,5,10 


1.(4) 




2.0 




2.0 




5.0 


^Adc 






6 


5.7,9 


1.(6) 




2.0 




2.0 




5.0 


^Adc 






7 


5,6,9 


1.(7) 




2.0 




2.0 




5.0 


^Adc 






9 


5,6,7 


1.(9) 




2.0 




2.0 




5.0 


,jAdc 






10 


1,3,4,5 


1.(10) 




2.0 




2.0 




5.0 


^Adc 






2 


5 


51.(2) 




10 




10 




25 


^Adc 






8 


5 


51,(8) 




10 




10 




25 


^Adc 



Pins not listed are left open 



BV1C933F 

DUAL 4-INPUT EXPANDERS 



ELECTRICAL CHARACTERISTICS 





Test Conditions 






















mA 


Volts 






















2.00 


4.00 




















©Test / "1° 
Temperature 


2.00 


4.00 




















2.00 


4.00 






















>FD 


V» 


Grounded 


Symbol 


Test Limits 




Characteristic 








Pin No 


-55°C 


+25 


•c 


+125°C 






PinNo 


PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Forward Voltaie 


4 




2,7 


V„(4| 




0.98 




0.82 




0.65 


Vdc 




4 




3,7 


V,„(4) 




0.98 




0.82 




0.65 


Vdc 




4 




5,7 


V f0 (4) 




0.98 




0.82 




0.65 


Vdc 




4 




6,7 


V, 0 (4) 




0.98 




0.82 




0.65 


Vdc 








2,3,5,6,7 


V FD (4) 


0.85 




0.70 




0.50 




Vdc 




11 




7,9 


V„(ll) 




0.98 




0.82 




0.65 


Vdc 




11 




7,10 


V, D <11) 




0.98 




0.82 




0.65 


Vdc 




11 




7,12 


V,o(ll) 




0.98 




0.82 




0.65 


Vdc 




11 




7,13 


V f0 (ll) 




0.98 




0.82 




0.65 


Vdc 




11 




7,9,10,12,13 


V, 0 (ll) 


0.85 




0.70 




0.50 




Vdc 


Reverse Current 




2 


3,5,6,7 


1.(2) 




2.0 




2.0 




5.0 


^Adc 






3 


2,5,6,7 


1.(3) 




2.0 




2.0 




5.0 


A Adc 






5 


2,3,6,7 


1.(5) 




2.0 




2.0 




5.0 


,,Adc 






6 


2,3,5,7 


1.(6) 




2.0 




2.0 




5.0 


^Adc 






9 


7,10,12,13 


1.(9) 




2.0 




2.0 




5.0 


^Adc 






10 


7,9,12,13 


1,(10) 




2.0 




2.0 




5.0 


^Adc 






12 


7,9,10,13 


1.(12) 




2.0 




2.0 




5.0 


,,Adc 






13 


7,9,10,12 


1.(13) 




2.0 




2.0 




5.0 


juAdc 








7 


51.(4) 




10 




10 




25 


fiMc 






11 


7 


51.(11) 




10 




10 




25 





Pins not listed are left open 
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MC930/MC830 (continued) 
GATE EXPANDERS 

DUAL 3-4 INPUT EXPANDERS 



ELECTRICAL CHARACTERISTICS 





Test Conditions 






















mA 


Volts 




















Temperature \ +75 . c 


2.00 


4.00 




















2.00 


4.00 




















2.00 


4.00 






















l» 

Pin No 


V R 


Grounded 

PinNo 


Symbol 


Test Limits 




Characteristic 


PinNo 


PinNo 


rrc 


+25«C , 


+ 75'C 






in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Forward VoltJlt 


2 




1.5 


V,„(2) 




0.90 




0.82 




0.75 


Vdc 




2 




3,5 


V,„(2) 




0.90 




0.82 




0.75 


Vdc 




2 




4,5 


V, D (2) 




0.90 




0.82 




0.75 


Vdc 




2 




5,10 


V„(2) 




0.90 




0.82 




0.75 


Vdc 




2 




1,3,4,5,10 


V (0 (2) 


0.75 




0.68 




0.60 




Vdc 




8 




5,6 


V F0 (8) 




0.90 




0.82 




0.75 


Vdc 




8 




5,7 


V„(8) 




0.90 




0.82 




0.75 


Vdc 




8 




5,9 


V fD (8) 




0.90 




0.82 




0.75 


Vdc 




8 




5,6,7,9 


V fD (8) 


0.75 




0.68 




0.60 




Vdc 


Reverse Current 




1 


3,4,5,10 


l.d) 




5.0 




5.0 




10 


^Adc 






3 


1,4,5,10 


1.(3) 




5.0 




5.0 




10 


A Adc 






4 


1,3,5,10 


1.(4) 




5.0 




5.0 




10 


M Adc 






6 


5,7,9 


1.(6) 




5.0 




5.0 




10 


^Adc 






7 


5,6,9 


1.(7) 




5.0 




5.0 




10 


^Adc 






9 


5,6,7 


1,(9) 




5.0 




5.0 




10 


^Adc 






10 


1,3.4,5 


1.(10) 




5.0 




5.0 




10 


^Adc 






2 


5 


21.(2) 








10 






^Adc 






8 


5 


21,(8) 








10 






jiAdc 



Pins not listed are left open 



DUAL 4-INPUT EXPANDERS 



ELECTRICAL CHARACTERISTICS 



/ o°c 
©Test /,„.. 
Temperature \££ 


Test Conditions 




mA 


Volts 


2.00 


4.00 


2.00 


4.00 


2.00 


4.00 


Characteristic 


l» 

PinNo 


Vr 

PinNo 


Grounded 

PinNo 


Symbol 

Pin No 
in( ) 


Test Limits 


Unit 


0° 


c 


+25'C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Forward Voltage 


4 
4 
4 
4 
4 
11 
11 
11 
11 
11 




2,7 
3,7 
5,7 
6,7 
2,3,5,6,7 
7,9 
7,10 
7,12 
7,13 
7,9,10,12,13 


V F0 (4) 
V FD (4) 
V F0 (4) 
V f0 (4) 
V fB (4) 
V,„(ll) 
Vfb(H) 
V P0 (H) 
V„(ll) 
Vfo(H) 


0.75 
0.75 


0.90 
0.90 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 


0.68 
0.68 


0.82 
0.82 
0.82 
0.82 

0.82 
0.82 
0.82 
0.82 


0.60 
0.60 


0.75 
0.75 
0.75 
0.75 

0.75 
0.75 
0.75 
0.75 


Vdc 
Vdc 
Vdc 
Vdc 
Vdc 
Vdc 
Vdc 
Vdc 
Vdc 
Vdc 


Reverse Current 




2 


3,5,6,7 


1.(2) 




5.0 




5.0 




10 


pAdc 






3 


2,5,6,7 


1,(3) 




5.0 




5.0 




10 


M Adc 






5 


2,3,6,7 


1.(5) 




5.0 




5.0 




10 


M Adc 






6 


2,3,5,7 


1.(6) 




5.0 




5.0 




10 


^Adc 






9 


7,10,12,13 


1,(9) 




5.0 




5.0 




10 


^Adc 






10 


7,9,12,13 


1,(10) 




5.0 




5.0 




10 


^Adc 






12 


7,9,10,13 


1.(12) 




5.0 




5.0 




10 


M Adc 






13 


7,9,10,12 


1,(13) 




5.0 




5.0 




10 


^Adc 






4 


7 


21,(4) 








10 






pAdc 






11 


7 


21,(11) 








10 






jiAdc 



Pins not listed are left open 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

MC9SOG 
MC83QG 

DUAL 2-3 INPUT 
"NAND/NOR" GATES 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



10 




ELECTRICAL CHARACTERISTICS — MC930G 



©Test ( 
Temperature \ +125 . c 


Test Conditions 




mA 


Volts 


11.4 


-0.12 


1.40 


2.10 




0 


4.00 






4.50 


5.50 






12.0 


-0.12 


1.10 


2.00 


1.80 


0 


4.00 


4.50 


S.00 


4.50 


5.50 


5.00 


8.00 


10.8 


-0.12 


0.80 


2.00 




0 


4.00 






4.50 


5.50 






Characteristic 


lot 

Pin No 


'oh 

Pin No 


v IL 

PinNo 


V,H 

PinNo 


Vx 

PinNo 


V F 

PinNo 


Vr 

PinNo 


Vcex 
PinNo 


Vcc 

PinNo 


Vcct 

PinNo 


^CCH 

PinNo 


PinNo 


PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limi 


S 


Unit 


-55°C 


+25°C 


+125*C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltaje 


4 


























5 


Vol 0) 




0.40 




0.40 




0.45 


Vdc 




6 


























5 


Vol (6) 




0.40 




0.40 




0.45 


Vdc 






4 
























5 


V 0 h(4) 


2.50 




2.60 




2.50 




Vdc 






4 


2 






















5 


V OH (4) 


2.50 




2.60 




2.50 




Vdc 






4 


3 






















5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 






6 


8 






















5 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6 


9 






















5 


V oh (6) 


2.50 




2.60 




2.50 




Vdc 






6 
























5 


V 0 h(6) 






2.60 








Vdc 


Short-Circuit Current 




























1,4,5 


Uc(4) 




-1.34 




-1.34 




-1.30 


mAdc 
























10 






5,6,8 


l,c(6) 




-1.34 




-1.34 




-1.30 


mAdc 


Reverse Current 














1 














2,3,5 


l.d) 




2.0 




2.0 




5.0 


„Adc 






























1,3,5 


1.(2) 




2.0 




2.0 




5.0 


A Adc 






























1,2,5 


1.(3) 




2.0 




2.0 - 




5.0 


„Adc 
















8 














5,9 


1.(8) 




2.0 




2.0 




5.0 


^Adc 






























5,8 


1.(9) 




2.0 




2.0 




5.0 


^Adc 


Output Leakage Current 




























1,5 


l C[ x(4) 








50 






/iAdc 






























5,8 


lc«(6) 








50 






„Adc 


Forward Current 












1 


2,3 








10 






5 


1,(1) 




-1.50 




-1.60 




-1.50 


mAdc 














2 


1,3 








10 






5 


1,(2) 




-1.60 




-1.60 




-1.50 


mAdc 














3 
8 


1,2 
9 








10 
10 






5 
5 


1,(3) 




-1.60 
-1.60 




-1.60 
-1.60 




-1.50 
















9 


8 








10 






5 


1,(8) 
1,(9) 




-1.60 




-1.60 




-1.50 
-1.50 


mAdc 


Power Drain Current 
























10 


10 


5 

1,5,8 


Ipdh(10) 

U(io) 








6.5 
5.5 






mAdc 


Switching Time 

(Pin 4 connected 
to Pin 8) 


Pulse 
In 


Pulse 
Out 
























5 
5 


«*+ 






25 
10 


80 
30 






ns 
ns 


3 
3 


6 
6 



Pins not listed are left open 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

MC930G 
MC830G 

DUAL 2-3 INPUT 
"NAND/NOR" GATES 



This gate element consists of one 2-input and one 3-input "NAND/NOR" gate circuit. Other applica- 
tions include cross-coupling to form a bistable multivibrator, or connecting the outputs in parallel to 
perform the logic "OR" function. 



PULSE WIDTH = 200 ns 



-TUT: 



= 4.0 V 
- 0 Vdc 
PULSE INPUT O 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 




TO OSCILLOSCOPE 



TEST 


R 


C 


t(xi + 


3.9 kohms 


30 pF 


tpd- 


400 ohms 


50 pF 



ELECTRICAL CHARACTERISTICS — MC830G 





Test Conditions 






















mA 


Volts 




















@Te$t ( +2 ;: c c 

Temperature } + „. e 


12.0 


-0.12 


1.20 


2.00 




0.45 


4.00 




5.00 
























12.0 


-0.12 


1.10 


1.90 


1.80 


0.45 


4.00 


5.00 


5.00 


5.00 


8.00 




















11.4 


-0.12 


0.95 


1.80 




0.50 


4.00 




5.00 


























Iol 




V,L 




Vx 




v» 

PinNo 


Vcex 

PinNo 


Vcc 

PinNo 


v ro 

PinNo 


PinNo 


Grounded 

PinNo 


Symbol 


Test Limits 




Characteristic 


PinNo 


PinNo 


PinNo 


V,H 

PinNo 


PinNo 


V, 

PinNo 


PinNo 


0 


'C 


+25°C 


+75°C 






in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltage 


4 
6 






1,2,3 
8,9 










10 






5 
5 


Vol (4) 
Vol (6) 




0.45 
0.45 




0.45 
0.45 




0.50 
0.50 


Vdc 
Vdc 






4 


1 












10 






5 


V OH (4) 


2.60 




2.60 




2.50 




Vdc 








2 












10 






5 


W4) 


2.60 




2.60 




2.50 




Vdc 








3 












10 






5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 






6 


8 












10 






5 


Voh(5) 


2.60 




2.60 




2.50 




Vdc 






6 


9 












10 






5 


V 0 m(6) 


2.60 




2.60 




2.50 




Vdc 






6 






7 














5 


V OH (5) 






2.60 








Vdc 


Short-Clrcult Current 
























1,4,5 
5,6,8 


hcW 
lie«6) 




-1.30 
-1.30 




-1.30 
-1.30 




-1.25 
-1.25 


mAdc 


Reverse Current 














1 




10 






2,3,5 


l.d) 




5.0 




5.0 




10 


M Adc 
















2 




10 






1,3,5 


1,(2) 




5.0 




5.0 




10 


M Adc 
















3 




10 






1,2,5 


1.(3) 




5.0 




5.0 




10 


,iAdc 
















8 




10 






5,9 


1.(8) 




5.0 




5.0 




10 


/xAdc 
















9 




10 






5,8 


1.(9) 




5.0 




5.0 




10 


M Adc 


Output Leakage Current 
























1,5 
5,8 


l«x(4) 
Ick(6) 








100 
1C0 






„Adc 
„Adc 


Forward Current 












1 


2,3 




10 






5 


1,(1) 




-1.40 




-1.40 




-1.33 
















2 


1,3 




10 






5 


1,(2) 




-1.40 




-1.40 




-1.33 
















3 


1,2 




10 






5 


U(3) 




-1.40 




-1.40 




-1.33 
















8 


9 




10 






5 


l F (8) 




-1.40 




-1.40 




-1.33 
















9 


8 




10 






5 


1,(9) 




-1.40 




-1.40 




-1.33 


mAdc 


Power Drain Current 




















10 


10 


5 

1,5,8 


I.dhUO) 
L..U0) 








8.0 
8.0 








Switching Time 

(Pin 4 connected 
to Pin 8) 


Pulse 
In 


Pulse 
Out 






































3 


6 




















5 








25 


80 






ns 




3 


6 














10 






5 








10 


30 






ns 



Pins not listed are left open 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

MC944G 
MC844G 

DUAL 2-3 INPUT 
POWER GATES 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



10 




5 4 6 



ELECTRICAL CHARACTERISTICS — MC944G 



©Test (-% C C 
Temperature 


Test Conditions 




mA 


Volts 


36.0 






2.10 




0 


4.00 






4.50 


5.50 






40.0 


5.00 


1.10 


2.00 


1.80 


0 


4.00 


4.50 


5.00 


4.50 


5.50 


5.00 


8.00 




36.0 






2.00 




0 


4.00 






4.50 


5.50 






Characteristic 


'oi 

PinNo 


"CE 

PinNo 


PinNo 


V| H 

PinNo 


PinNo 


V F 

PinNo 


v„ 

PinNo 


Vcex 
PinNo 


Vcc 

PinNo 


Vccl 
PinNo 


PinNo 


PinNo 


V™ 

PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limit 


S 


Unit 


-55'C 


4-25'C 


+ 1 




Min 


Max 


Min 


Max 


Min 


Max 


Output Vol tart 








1.2,3 












10 








5 


Vol (4) 




0.40 




0.40 




0.45 


Vdc 




6 






8,9 












10 








5 


V 0L (6) 




0.40 




0.40 




0.45 


Vdc 


Output Breakdown 




























1,5 


IV C |(4) 






6.0 








Vdc 


Voltai. 




6 
























5,8 


IV„(6) 






6.0 








Vdc 


Reverse Current 




























2,3,5 


l.d) 




2.0 




2.0 




5.0 


,,Adc 






























1,3,5 


1.(2) 




2.0 




2.0 




5.0 


/iAdc 
















3 














1,2,5 


1.(3) 




2.0 




2.0 




5.0 


^Adc 






























5,9 


1.(8) 




2.0 




2.0 




5.0 


^Adc 






























5,8 


1.(9) 




2.0 




2.0 




5.0 


^Adc 


Output Leakaie Current 




























5 


Ice, (4) 








50 






„Adc 






























5 


lc«(4) 








50 






^Adc 






























5 


lc«(4) 








50 






,xAdc 






























5 


Icex(6) 








50 






„Adc 






























5 


lc«(6) 








50 






pAdc 






























5 


Icex(6) 








50 






^Adc 


forward Current 














2,3 








10 






5 


Ml) 




-1.60 




-1.60 




-1.50 


mAdc 














2 


1,3 








10 






5 


U2) 




-1.60 




-1.60 




-1.50 


mAdc 














3 


1,2 








10 






5 


U3) 




-1.60 




-1.60 




-1.50 
















8 


9 








10 






5 


l F (8) 




-1.60 




-1.60 




-1.50 


mAdc 














9 


8 








10 






5 


U9) 




-1.60 




-1.60 




-1.50 


mAdc 


Power Drain Current 
























10 


10 


5 

1,5,8 


Ipo«(10) 
L-.(10) 








20 
6.0 








Switching Time 

(Pin 4 connected 
to Pin 8) 


Pulse 
In 


Pulse 
Out 
























5 
5 


t P d+ 






15 
10 


50 
35 






ns 


3 
3 


6 
6 



Pins not listed are left open 
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Infegrafed Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

SVBC944G 
SVIC844G 

DUAL 2-3 INPUT 
POWER GATES 



This gate element consists of one 2-input and one 3-input power gate circuit, and is quite similar to the 
dual 2-3 input buffer (MC932G, MC832G). The power gate does not have the output pull-up emitter- 
follower as does the buffer element — its output being the open collector of a low saturation resistance 
transistor. The power gate may be used as a high fan-out gate, as a driver to interfacing circuits, or in 
other similar uses. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 



PULSE WIDTH = 200ns 




TEST 


R 


C 


tpd + 


510 ohms 


20 pF 


tpd- 


150 ohms 


100 pF 



O V cc - 5.0 Vdc 



TO OSCILLOSCOPE 



tpd-f — (— 



ELECTRICAL CHARACTERISTICS — MC844G 





Test Conditions 






















mA 


Volts 




















©Test / +25 . c 
Temperature \ +750C 


40.0 






2.00 




0.45 


4.00 




5.00 
























40.0 


5.00 


1.10 


1.90 


1.80 


0.45 


4.00 


5.00 


5.00 


5.00 


8.00 




















36.0 






1.80 




0.50 


4.00 




5.00 






























Pin No 


V,H 

PinNo 


PinNo 


V F 

PinNo 


v* 

PinNo 


Vcex 


Vcc 

PinNo 


PinNo 


PinNo 


Grounded 


Symbol 

Pin No 


Test Limits 




Characteristic 


l0L 

Pin No 


Ice 

Pin No 


0 


°C 


+25°C 


+75°C 






PinNo 


PinNo 


in( ) 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Output Voltaic 


4 
6 






1,2,3 










10 






5 
5 


Vol (4) 
Vol (6) 




0.45 
0.45 




0.45 
0.45 




0.50 
O.50 


Vdc 
Vdc 


Output Breakdown 




4 




















1.5 


LV cl (4) 






6.0 








Vdc 


Voltage 




6 




















5,8 


LV„(6) 






6.0 








Vdc 


Reverie Current 














1 




10 






2,3.5 


l.d) 




5.0 




5.0 




10 


A Adc 
















2 




10 






1,3,5 


1.(2) 




5.0 




5.0 




10 


/iAdc 
















3 




10 






1,2.5 


1,(3) 




5.0 




5.0 




10 


pAdc 
















8 




10 






5,9 


1,(8) 




5.0 




5.0 




10 


fiMc 
















9 




10 






5,8 


1,(9) 




5.0 




5.0 




10 


jiMc 


Output leakage Curreit 
















4 


10 






5 


IciiW 








100 






^Adc 








2 










4 


10 






5 


lax (4) 








100 






A Adc 








3 










4 


10 






5 


lax (4) 








100 






,iAdc 








8 










6 


10 






5 


lex (6) 








100 






^Adc 








9 










6 


10 






5 


leu (6) 








100 






^Adc 












7 






6 


10 






5 


l«x(6) 








100 






/iAdc 


Forward Current 












1 


2,3 




10 






5 


Ml) 




-1.40 




-1.40 




-1.33 
















2 


1,3 




10 






5 


l f (2) 




-1.40 




-1.40 




-1.33 


mAdc 














3 


1,2 




10 






5 


l F (3) 




-1.40 




-1.40 




-1.33 
















8 


9 




10 






5 


If (8) 




-1.40 




-1.40 




-1.33 


mAdc 














9 


8 




10 






5 


If (9) 




-1.40 




-1.40 




-1.33 




Power Drain Current 




















10 


10 


5 

1,5,8 


I,oh(10) 
1 (10) 








22.5 
8.0 






mAdc 


Switching Time 

(Pin 4 connected 
to Pin 8) 


Pulse 
In 


Pulse 
Out 






































3 
3 


6 
6 




















5 
5 


*M + 






15 
10 


50 
35 









Pins not listed are left open 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATpS 

MC930F 
MC830F 

DUAL 4-INPUT 
"NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



14 

1 




6 7 8 



ELECTRICAL CHARACTERISTICS — MC930F 



©Test / "'\ 
Temperature \ +m . c 


Test Conditions 




n 


lA 


Volts 


11.4 


-0.12 


1.40 


2.10 




0 


4.00 






4.50 


5.50 






12.0 


-0.12 


1.10 


2.00 


1.80 


0 


4.00 


4.50 


5.00 


4.50 


5.50 


5.00 


8.00 


10.8 


-0.12 


0.80 


2.00 




0 


4.00 






4.50 


5.50 






Characteristic 


Iol 

Pin No 


•oh 
PinNo 


V,t 

PinNo 


v,„ 

PinNo 


Vx 

PinNo 


V F 

PinNo 


v» 

Pin No 


Vcex 

PinNo 


Vcc 

PinNo 


Vccl 
PinNo 


Vcch 
PinNo 


v ro 

PinNo 


PinNo 


Grounded 

PinNo 


Symbol 


Test 1 imit 


S 


Unit 


PinNo 
in( ) 


-5 


5'C 


+25 *C 


+125*C 


Min 


Max 


Min 


Max 


Min I Max 


Output Voltif e 


6 






1,2,4,5 




















7 


Vol (6) 




0.40 




0.40 




0.45 


Vdc 




8 






9,10,12,13 




















7 


Voi (8) 




0.40 




0.40 




0.45 


Vdc 






6 


1 






















7 


Voh<6) 


2.50 




2.60 




2.50 




Vdc 






6 


2 






















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6 


4 






















7 


Voh<6) 


2.50 




2.60 




2.50 




Vdc 






6 


5 






















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






























7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






8 


9 






















7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






8 


10 






















7 


Voh<8) 


2.50 




2.60 




2.50 




Vdc 






8 


12 






















7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






8 


13 






















7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






























7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 


Short-Clrcult Currtit 




























1,6,7 


Uc(6) 




-1.34 




-1.34 




-1.30 


mAdc 
































Uc(8) 




-1.34 




-1.34 




-1.30 




Reverse Current 














1 








14 






2,4,5,7 


l.d) 




2.0 




2.0 




5.0 


/iAdc 






























1,4,5,7 


1.(2) 




2.0 




2.0 




5.0 


„Adc 






























1,2,5,7 


1.(4) 




2.0 




2.0 




5.0 


















5 








14 






1,2,4,7 


1.(5) 




2.0 




2.0 




5.0 


/tAdc 
















9 












7,10,12,13 


1.(9) 




2.0 




2.0 




5.0 


/iAdc 
















10 








14 






7,9,12,13 


1.(10) 




2.0 




2.0 




5.0 


„Adc 
















12 














7,9,10,13 


1.(12) 




2.0 




2.0 




5.0 


M Mc 
















13 














7,9,10,12 


1.(13) 




2.0 




2.0 




5.0 


ii Adc 


Output Ltrttf « Cumrt 




























1,7 


lc»(6) 








50 






„Adc 






























7,9 


lc.«(8) 








50 






„Adc 


Ferwari Currtit 












1 


2,4,5 








14 






7 


1,(1) 




-1.60 




-1.60 




-1.50 


mAdc 














2 


1.4,5 








14 






7 


1,(2) 




-1.60 




-1.60 




-1.50 
















4 


1,2,5 








14 






7 


U(4) 




-1.60 




-1.60 




-1.50 


mAdc 














5 


1,2,4 








14 






7 


1,(5) 




-1.60 




-1.60 




-1.50 


mAdc 














9 


10,12,13 








14 






7 


1,(9) 




-1.60 




-1.60 




-1.50 


mAdc 














10 


9,12,13 








14 






7 


1,(10) 




-1.60 




-1.60 




-1.50 


mAdc 














12 


9,10,13 








14 






7 


1,(12) 




-1.60 




-1.60 




-1.50 
















13 


9,10,12 








14 






7 


1,(13) 




-1.60 




-1.60 




-1.50 


mAdc 


Fewer Orali Currtit 
























14 


14 


7 

1,7,9 


I,dh(U) 
1 (14) 








6.50 
5.50 






mAdc 
mAdc 


f.lkM.fTI.. 

(Pin 6 connected 
to Pin 9) 


PulM 

In 


Pulse 
Out 
























7 
7 


t* + 






25 
10 


80 
30 








5 
5 


8 
8 



I ins not lilted are left open 
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integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

MC930F 

MC830F 

DUAL 4-INPUT 
"NAND/NOR" GATES 



This gate element consists of two 4-input "NAND/NOR" gate circuits. Other applications include cross- 
coupling to form a bistable multivibrator, or connecting the outputs in parallel to perform the logic 
"OR" function. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 




o v cc = 5.0Vdc 



TO OSCILLOSCOPE 



TEST 


R 


C 




3.9 kohms 


30 pF 


tpd- 


400 ohms 


50 pF 



ELECTRICAL CHARACTERISTICS — MC830F 

Test Conditions 



@ Test I 
Temperature \ 



I, 

o Pin No 



V 1L 

Pin No 



V| H 

Pin No 



Pin No P 



5.00 5.00 5.00 1.00 



Pin No 



Grounded 

Pin No 



Symbol 

Pin No 
in( ) 



Short-Circuit Current 



Output Leakage Current 
Forward Current 



Power Drain Current 

Switching Time 

(Pin 6 connected 
to Pin 9) 



~ 4.4.5 
1.4,5 
1,2,5 
1,2,4 
10,12,13 
9,12,13 
9,10,13 
9, 10,12 



1,6,7 
7,8,9 
2,4,5,7 
1,4,5,7 
1,2, 5,7 
1,2,4,7 
7,10,12,13 
7,9,12,13 
7,9,10,13 
7,9,10,12 



1,7 
7,9 



is not listed are lett open 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

MC944F 
MC844F 

DUAL 4-INPUT 
POWER GATES 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



14 




7 6 8 



ELECTRICAL CHARACTERISTICS — MC944F 



©Test ( +25 . c 
Temperature ) +125 . c 












Test Conditions 














m» 


Volts 


36.0 






2.10 




0 


4.00 






4.50 


3.50 






40.0 


9.00 


1.10 


2.00 


1.80 


0 


4.00 


4.50 


5.00 


4.50 


5.50 


5.00 


8.00 


36.0 






2.00 




0 


4.00 






4.50 


5.50 






Characteristic 


lot 

Pin No 


let 

Pin No 


Pin No 


V| H 

Pin No 


Vx 

PinNo 


V F 

PinNo 


Vr 

PinNo 


PinNo 


Vcc 

PinNo 


PinNo 


VcCH 

PinNo 


V,o 

PinNo 


PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limits 


Unit 


— 55°C 


+25 °C 


+125*C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltage 


6 






1,2,4,5 












14 








7 


Vol (6) 




0.40 




0.40 




0.45 


Vdc 


8 






9,10,12,13 












14 








7 


Vol (8) 




0.40 




0.40 




0.45 


Vdc 


Output Breakdown 






















14 






1,7 


LV„(6) 






6.0 








Vdc 


Voltife 






















14 






7,9 


LV„(8) 






6.0 








Vdc 


Reverse Current 




























2,4,5,7 


l.d) 




2.0 




2.0 




5.0 


/iAdc 
















2 








14 






1,4,5,7 


1.(2) 




2.0 




2.0 




5.0 


M Adc 
















4 








14 






1.2,5,7 


1,(4) 




2.0 




2.0 




5.0 


„Adc 
















5 








14 






1,2,4,7 


1.(5) 




2.0 




2.0 




5.0 


^Adc 
























14 






7,10,12,13 


1,(9) 




2.0 




2.0 




5.0 


/iAdc 
















10 








14 






7,9,12,13 


1,(10) 




2.0 




2.0 




5.0 


A Adc 
















12 








14 






7,9,10,13 


1,(12) 




2.0 




2.0 




5.0 


/xAdc 






























7,9,10,12 


1,(13) 




2.0 




2.0 




5.0 


*Adc 


Output Leakaie Curreit 




























7 


l«x(6) 








50 






^Adc 


















6 






14 






7 


Icex(6) 








50 






„Adc 






























7 


l«x(6) 








50 






jiAdc 


















6 






14 






7 


lc«(6) 








50 






/iAdc 
























14 






7 


lc«<6) 








50 






z/Adc 


















8 






14 






7 


lcix(8) 








50 






//Adc 






























7 


lcix(8) 








50 






„Adc 








12 










8 






14 






7 


l«x(8) 








50 






/,Adc 






























7 


l«x(8) 








50 






/iAdc 






























7 


l«x(8) 








50 






,iAdc 


Forward Currrint 












1 


2,4,5 








14 






7 


If(D 




-1.60 




-1.60 




-1.50 


mAdc 














2 


1,4,5 








14 






7 


U2) 




-1.60 




-1.60 




-1.50 


mAdc 














4 


1,2,5 








14 






7 


U(4) 




-1.60 




-1.60 




-1.50 
















5 


1,2,4 








14 






7 


U5) 




-1.60 




-1.60 




-1.50 
















9 


10,12,13 








14 






7 


If (9) 




-1.60 




-1.60 




-1.50 


mAdc 














10 


9,12,13 








14 






7 


If (10) 




-1.60 




-1.60 




-1.50 
















12 


9,10,13 








14 






7 


1,(12) 




-1.60 




-1.60 




-1.50 
















13 


9,10,12 








14 






7 


1,(13) 




-1.60 




-1.60 




-1.50 


























14 


14 


7 

1,7,9 


JJ 








20 
6.0 






mAdc 


Switchint Time 

(Pin 6 connected 
to Pin 9) 


Pulse 
In 


Pulse 
Out 














14 










7 

7 


t,.+ 






15 
10 


50 
35 






ns 
ns 


5 
5 


8 
8 



Pins not listed are left open 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

DUAL 4-INPUT 
POWER GATES 



This element is a dual 4-input power gate, and is quite similar to the dual 4-input buffer, (MC932F, 
MC832F). The power gate does not have the output pull-up emitter-follower as does the buffer element 
— its output being the open collector of a low saturation resistance transistor. The power gate may be 
used as a high fan-out gate, as a driver to interfacing circuits, or in other similar uses. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 



PULSE WIDTH = 200ns 

— II — II— OVdc 

PULSE INPUT O 



— O V cc = 5.0 Vdc 



, TO OSCILLOSCOPE 



ELECTRICAL CHARACTERISTICS — MC844F 



@ Test ( 
Temperature \ 



Grounded 

PinNo 



Reverie Current 



2,4,5,7 
1,4,5,7 
1,2,5,7 
1,2,4,7 
7,10,12,13 
7,9,12,13 
7,9,10,13 
7,9,10,12 



Output Leakage Current 



Forward Currrent 



1,4,5 
1,2,5 
1,2,4 
10,12,13 
9,12,13 
9,10,13 
9,10,12 



Power Drain Current 



Switching Time 

(Pin 6 connected 
to Pin 9) 



Pins not listed are left 0| 
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Integrated Circuits 



MC930/MC830 (continued) 
LOGIC GATES 

MC962F 
MC862F 

TRIPLE 3-INPUT 
"NAND/NOR" GATES 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




ELECTRICAL CHARACTERISTICS — MC962F 



/ -55°C 

©Test 1 +25 . c 
Temperature \ +m . c 


Test Conditions 




mA 


Volts 


11.4 


-0.12 


1.40 


2.10 


0 


4.00 






4.50 


5.50 






12.0 


-0.12 


1.10 


2.00 


0 


4.00 


4.50 


5.00 


4.50 


5.50 


5.00 


8.00 


10.8 


-0.12 


0.80 


2.00 


0 


4.00 






4.50 


5.50 






Characteristic 


W 
Pin No 


'oh 

Pin No 


V,i 

Pin No 


V| H 

Pin No 


V F 

Pin No 


Vr 

Pin No 


VcEX 

Pin No 


Vcc 

Pin No 


Vcct 
PinNo 


VcCH 

PinNo 


Vpd 

PinNo 


PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in{ ) 


Test Limi 


S 


Unit 




5°C 


+25° C 


+125°C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltaf* 


6 






3.4,5 










14 








7 


V<x(6) 




0.40 




0.40 




0.45 


Vdc 


8 






9,10,11 










14 








7 


V 0L (8) 




0.40 




0.40 




0.45 


Vdc 




12 






1,2,13 










14 








7 


V ol (12) 




0.40 




0.40 




0.45 


Vdc 






6 


3 




















7 


V OH (6) 


2.50 




2.60 




2.50 




Vdc 






6 


4 




















7 


V OH (6) 


2.50 




2.60 




2.50 




Vdc 






6 


5 




















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






8 


9 












14 








7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






8 


10 




















7 


V 0 h(8) 


2.50 




2.60 




2.50 




Vdc 






8 


11 




















7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






12 


13 




















7 


Voh(12) 


2.50 




2.60 




2.50 




Vdc 






12 


1 












14 








7 


V 0 h(12) 


2.50 




2.60 




2.50 




Vdc 






12 


2 




















7 


V oh (12) 


2.50 




2.60 




2.50 




Vdc 


Short-Circuit Current 


























3,6,7 


Uc(6) 




-1.34 




-1.34 




-1.30 


mAdc 




























7,8,9 


lie (« 




-1.34 




-1.34 




-1.30 






























7,12,13 


UcU2) 




-1.34 




-1.34 




-1.30 


mAdc 


Revert* Current 


























2,7,13 


1,(1) 




2.0 




2.0 




5.0 


„Adc 




























1,7,13 


1.(2) 




2.0 




2.0 




5.0 


„Adc 




























4,5,7 


1,(3) 




2.0 




2.0 




5.0 


ziAdc 




























3,5,7 


1,(4) 




2.0 




2.0 




5.0 


„Adc 




























3,4,7 


1,(5) 




2.0 




2.0 




5.0 


„Adc 














9 














7,10,11 


1,(9) 




2.0 




2.0 




5.0 


„Adc 




























7, 9,11 


1,(10) 




2.0 




2.0 




5.0 


„Adc 




























7,9,10 


U(ll) 




2.0 




2.0 




5.0 


„Adc 




























1,2,7 


1,(13) 




2.0 




2.0 




5.0 


u Adc 


Output Leakate Current 


























3,7 


l«x(6) 








50 






„Adc 




























7,9 


lc«(8) 








50 






„Adc 




























7,13 


lc»(12) 








50 






„Adc 


Forward Current 










1 


2,13 








14 






7 


1,(1) 




-1.60 




-1.60 




-1.50 














2 


1,13 








14 






7 


1,(2) 




-1.60 




-1.60 




-1.50 


mAdc 












3 


4,5 








14 






7 


1,(3) 




-1.60 




-1.60 




-1.50 


mAdc 












4 


3,5 








14 






7 


1,(4) 




-1.60 




-1.60 




-1.50 














5 


3,4 








14 






7 


1,(5) 




-1.60 




-1.60 




-1.50 


mAdc 












9 


10,11 








14 






7 


1,(9) 




-1.60 




-1.60 




-1.50 














10 


9,11 








14 






7 


1,(10) 




-1.60 




-1.60 




-1.50 














11 


9,10 








14 






7 


1,(11) 




-1.60 




-1.60 




-1.50 


mAdc 












13 


1.2 








14 






7 


1,(13) 




-1.60 




-1.60 




-1.50 


mAdc 


Power Drain Current 






















14 


14 


7 

3,7,9,13 


I,dh(14) 
'™<U) 








9.75 
8.25 






mAdc 


Switching Tim* 

(Pin 6 connected to 
Pin 9) 


Pulse 
In 


Out' 






















7 
7 








25 
10 


80 
30 








5 
5 


8 
8 



Pins not listed are left open 
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MC930/MC830 (continued) 
LOGIC GATES 

SVIC962F 
MC862F 

TRIPLE 3-INPUT 
"NAND/NOR" GATES 



This gate element consists of three 3-input "NAND/NOR" gate circuits. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 



PULSE WIDTH = 200ns 

= 4.0 V 
- OVdc 
PULSE INPUT o 



_n_n!i 




-o v cc = 5.0 Vdc 



TO OSCILLOSCOPE 



ELECTRICAL CHARACTERISTICS 



MC862F 



@Te$t J, 25 . c 
Temperature ) J, 



Test Conditions 



0.451 4.00 — 



5.00 — — 
0.45 | 4.00 I 5.00 I 5.QQ 5.00 8.00 



i PinNo P 



Short-circuit Current 



Reverse Current 



Output Leakage Current 



Forward Current 



3,4,5 
9,10,11 
1,2,13 



Grounded 

PinNo 



2,7,13 
1,7.13 
4, 5,7 
3,5,7 
3,4,7 
7,10,11 
7.9,11 
7,9,10 
1,2.7 

3,7 

7,9 



1,(1) 
1,(2) 
1.(3) 



Power Drain Current 

Switching Time 

(Pin 6 connected to 
Pin 9) 

Pins not listed are left open 



10,11 
9,11 
9,10 
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Integrated Circuits 

MC930/MC830 (continued) 
LOGIC GATES 

MC946F 
MC846F 

QUAD 2-INPUT 
"NAND/NOR" GATES 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 




POSITIVE LOGIC 





ELECTRICAL CHARACTERISTICS — MC946F 



©Test 
Temperature 



r -55'C 
+25°C 
Ul25"C 



l0L 

PinNo Pi 



o PinNo Pi 



o PinNo PinNo 



Grounded 

PinNo 



4,5 
9,10 
12,13 



Short-Circuit Current 



Reverse Current 



4,6,7 
7,8,9 
7,11,12 



Output Leakage Current 



Forward Current 



Power Drain Current 

Switchint Time 

(Pin 6 connected 
to Pin 9) 



■ «Adc 
u Adc 
„Adc 
„Adc 

mAdc 

mAdc 

mAdc 
mAdc 



Pins not listed are left open 
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MC930/MC830 (continued) 
LOGIC GATES 

BVIC846IF 

QUAD 2-INPUT 
"NAND/NOR" GATES 



This gate device consists of four 2-input "NAND/NOR" logic gate circuits. This element may be used 
as four inverter circuits, or as two bistable circuits by cross-coupling two dual 2-input gates. Among other 
applications, this device can be used as a dual 2-input non-inverting gate. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 



PULSE WIDTH = 200ns 

= 4.0V 
- 0 Vdc 
PULSE INPUT 




TO OSCILLOSCOPE 



— — — tpd 



TEST 


R 


C 


tpd + 


3.9 kohms 


30 pF 


tpd- 


400 ohms 


50 pF 



ELECTRICAL CHARACTERISTICS — MC846F 



/ o°c 
@ Test 1 + „. c 
Temperature}^ 


Test Conditions 




mA 


Volts 


12.0 


-0.12 


1.20 


2.00 


0.45 


4.00 




5.00 






12.0 


-0.12 


1.10 


1.90 


0.45 


4.00 


5.00 


5.00 


5.00 


8.00 


11.4 


-0.12 


0.95 


1.80 


0.50 


4.00 




5.00 






Characteristic 


PinNo 


PinNo 


v, L 

PinNo 


V| H 

PinNo 


V f 

PinNo 


v» 

PinNo 


Vcex 

PinNo 


Vcc 

PinNo 


v» 

Pi n No 


V™, 

PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limits 


Unit 


0 


•c 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Output VolUjl 


3 






1,2 








14 






7 


Vol (3) 




0.45 




0.45 




0.50 


Vdc 


6 






4,5 








14 






7 


Vol (6) 




0.45 




0.45 




0.50 


Vdc 




8 






9,10 








14 






7 


Vol (8) 




0.45 




0.45 




0.50 


Vdc 




11 






12,13 








14 






7 


Vol (ID 




0.45 




0.45 




0.50 


Vdc 






3 


1 










14 






7 


V OH (3) 


2.60 




2.60 




2.50 




Vdc 






3 


2 










14 






7 


V OH (3) 


2.60 




2.60 




2.50 




Vdc 






6 












14 






7 


V OH (6) 


2.60 




2.60 




2.50 




Vdc 






6 


5 










14 






7 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






8 


9 










14 






7 


Voh(8) 


2.60 




2.60 




2.50 




Vdc 






8 


10 










14 






7 


V oh (8) 


2.60 




2.60 




2.50 




Vdc 






11 


12 










14 






7 


Voh(H) 


2.60 




2.60 




2.50 




Vdc 






11 


13 










14 






7 


Vom(H) 


2.60 




2.60 




2.50 






Short-Circuit Currint 
















14 






1,3,7 


Uc(3) 




-1.30 




-1.30 




-1.25 




















14 






4,6,7 


lie (6) 




-1.30 




-1.30 




-1.25 


























7,8,9 


Uc(8) 




-1.30 




-1.30 




-1.25 




















14 






7,11,12 


Ucdl) 




-1.30 




-1.30 




-1.25 




Riwsi Currint 












1 




14 






2,7 


l.d) 




5.0 




5.0 




10 


^Adc 














2 




14 






1,7 


1.(2) 




5.0 




5.0 




10 


^Adc 














4 




14 






5,7 


1.(4) 




5.0 




5.0 




10 


pAdc 














5 




14 






4,7 


1.(5) 




5.0 




5.0 




10 


„Adc 














9 




14 






7,10 


1.(9) 




5.0 




5.0 




10 


y Adc 














10 




14 






7,9 


1,(10) 




5.0 




5.0 




10 


^Adc 














12 




14 






7,13 


1,(12) 




5.0 




5.0 




10 
















13 




14 






7,12 


1,(13) 




5.0 




5.0 




10 


fiAdc 


Output Liakat* Currint 














3,14 








1.7 


let. (3) 








100 






„Adc 
























4,7 


lax (6) 








100 






u Adc 
















8,14 








7,9 


■ax (8) 








100 






w Adc 
















11,14 








7.12 


laxdD 








100 






pAdc 


forward Currint 










1 


2 




14 






7 


U(U 




-1.40 




-1.40 




-1.33 


mAdc 












2 


1 




14 






7 


1,(2) 




-1.40 




-1.40 




-1.33 














4 


5 




14 






7 


U(4) 




-1.40 




-1.40 




-1.33 














5 


4 




14 






7 


1,(5) 




-1.40 




-1.40 




-1.33 


mAdc 












9 


10 




14 






7 


1,(9) 




-1.40 




-1.40 




-1.33 














10 


9 




14 






7 


1,(10) 




-1.40 




-1.40 




-1.33 


mAdc 












12 


13 




14 






7 


1,(12) 




-1.40 




-1.40 




-1.33 














13 


12 




14 






7 


1,(13) 




-1.40 




-1.40 




— 1.33 


mAdc 


Power Drain Currint 


















14 


14 


7 

1,4,7,9,12 


I,oh(14) 
U.U4) 








16 
16 








Switchint Timi 

(Pin 6 connected 
to Pin 9) 


Pulse 


Pulse 
Out 












14 
14 






7 
7 


tp* + 






25 
10 


80 
30 








5 
5 


8 
8 



Pins not listed are left open 



13-181 



Integrated Circuits 



MC930/MC830 (continued) 
BUFFERS 

MC932G 
MC832G 

DUAL 2-3 INPUT 
BUFFERS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



10 




5 4 6 



ELECTRICAL CHARACTERISTICS — MC932G 



©Test 1 +25 . c 
Temperature \ +1M . c 

Characteristic 


Test Conditions 




mA 


Volts 


34.0 


-2.00 


1.40 


2.10 




0 


4.00 






4.50 


5.50 






38.0 


-2.50 


1.10 


2.00 


1.80 


0 


4.00 


4.50 


5.00 


4.50 


5.50 


5.00 


8.00 


32.0 


i-4.00 


0.80 


2.00 




0 


4.00 






4.50 


5.50 






lot 

Pin No 


■oh 

Pin No 


V,L 

Pin No 


V.H 

PinNo 


PinNo 


V F 

PinNo 


V„ 

PinNo 


Vcex 

PinNo 


Vcc 

PinNo 


Vcci 
PinNo 


Vcch 
PinNo 


Vro 

PinNo 


V™ 

PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limit 


I 


Unit 


-55*C 


+25*C 


+125*C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltitt 




























5 


Vol (4) 




0.40 




0.40 




0.45 


Vdc 




6 


























5 


Vo,(6) 




0.40 




0.40 




0.45 


Vdc 






4 


1 






















5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 






4 


2 






















5 


Vo„(4) 


2.50 




2.60 




2.50 




Vdc 






4 


3 






















5 


Voh(4) 


2.50 




2.60 




2.50 




Vdc 






6 


8 














10 








S 


Voh(6> 


2.50 




2.60 




2.50 




Vdc 






6 


9 






















5 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6 
























5 


Voh(6) 






2.60 








Vdc 


Short-Circuit Currtit 




























1,4,5 


Uc(4) 


-16 




-18 




-16 




mAdc 






























5,6,8 


lie (6) 


-16 




-18 




-16 






IIiwm Currtit 




























2,3,5 


l.d) 




2.0 




2.0 




5.0 


„Adc 






























1,3,5 


1,(2) 




2.0 




2.0 




5.0 


„Adc 
















3 








10 






1,2,5 


1.(3) 




2.0 




2.0 




5.0 


„Adc 






























5,9 


1.(8) 




2.0 




2.0 




5.0 


pAdc 






























5,8 


1.(9) 




2.0 




2.0 




5.0 


H Adc 


Output Ltakaft Currtit 




























1.5 


lc.«(4) 








50 






„Adc 






























5,8 


lc«x(6) 








50 






„Adc 


Forward Curroit 




























5 


MD 




-1.60 




-1.60 




-1.50 


mAdc 














2 


1,3 








10 






5 


1,(2) 




-1.60 




-1.60 




-1.50 


mAdc 














3 


1.2 








10 






5 


1.(3) 




-1.60 




-1.60 




-1.50 


mAdc 














8 


9 








10 






5 


1,(8) 




-1.60 




-1.60 




-1.50 
















9 


8 








10 






5 


1,(9) 




-1.60 




-1.60 




-1.50 


mAdc 


Powtr Drali Currtit 
























10 


10 


5 

1,5,8 


l.o«(10) 
UdO) 








26.6 
6.0 






mAdc 


SwItehiifTliM 

(Pin 4 connected 
to Pin 8) 


In 


Pulse 
Out 
























5 
5 


t*+ 






25 
15 


80 
40 






ns 


3 
3 


6 
6 



Pins not listed are left open 



13-182 



Infegrafed Circuits 



MC930/MC830 (continued) 
BUFFERS 

MC932G 
MC832G 

DUAL 2-3 INPUT 
BUFFERS 



The dual buffer consists of one 2-input and one 3-input inverting driver designed especially for large 
capacitive loads at high speeds. An output emitter-follower in series with a 150-ohm resistor drives the 
output to the high voltage level. A low saturation resistance transitor is turned on, pulling the output 
down to the low voltage level and providing rapid discharge of capacitive loads. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 




TEST 




C 


tpd + 


510 ohms 


500 pF 


tpd- 


150 ohms 


500 pF 



ELECTRICAL CHARACTERISTICS — MC832G 



/ o°c 
©Test ( +25 . c 
Temperature \ +7J . C 


Test Conditions 




rr 


A 


Volts 


36.0 


-2.00 


1.20 


2.00 




0.45 


4.00 




5.00 






3E.0 


-2.50 


1.10 


1.90 


1.80 


0.45 


4.00 


5.00 


5.00 


5.00 


8.00 


34.0 


-3.00 


0.95 


1.80 




0.50 


4.00 




5.00 






Characteristic 


"OL 

Pin No 


"OH 

Pin No 


V,l 

Pin No 


V| H 

PinNo 


PinNo 


V F 

PinNo 


Vr 

PinNo 


PinNo 


Vcc 
PinNo 


VpD 

PinNo 


PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limits 


Unit 


0° 


c 


+25 *C 


+75'C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltui 


4 






1,2,3 










10 






5 


Vol (4) 




0.45 




0.45 




0.50 


Vdc 




6 






















5 


Vol (6) 




0.45 




0.45 




0.50 


Vdc 








1 












10 






5 


Vo«(4> 


2.60 




2.60 




2.50 




Vdc 








2 












10 






5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 






4 


3 












10 






5 


Voh(4) 


2.60 




2.60 




2.50 




Vdc 






6 


8 












10 






5 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 


9 












10 






5 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 




















5 


Voh(6) 






2.60 








Vdc 


Short-Circuit Currtnt 
























1,4,5 


Uc(4) 


-15 




-16 




-14 




mAdc 


























5,6,8 


Uc(6) 


-15 




-16 




-14 




mAdc 


Rtvtrtt Currant 














1 




10 






2,3,5 


l.d) 




5.0 




5.0 




10 


^Adc 
















2 




10 






1.3,5 


1,(2) 




5.0 




5.0 




10 


„Ade 
















3 




10 






1,2.5 


1.(3) 




5.0 




5.0 




10 


A Adc 
















8 




10 






5,9 


1,(8) 




5.0 




5.0 




10 


„Adc 
















9 




10 






5,8 


1,(9) 




5.0 




5.0 




10 


jtAdc 


Output Leakifi Currant 
















4,10 








1,5 


l«x(4) 








100 






ziAdc 


























5,8 


lc«(6) 








100 






„Adc 


Forward Cumit 












1 


2,3 




10 






5 


WD 




-1.40 




-1.40 




-1.33 


mAdc 














2 


1,3 




10 






5 


1,(2) 




-1.40 




-1.40 




-1.33 


mAdc 














3 


1,2 




10 






5 


1,(3) 




-1.40 




-1.40 




-1.33 


mAdc 














8 


9 




10 






5 


1,(8) 




-1.40 




-1.40 




-1.33 
















9 


8 




10 






5 


1,(9) 




-1.40 




-1.40 




-1.33 




Powtr Drain Currtnt 




















10 


10 


5 

1,5,8 


I,* (10) 
UO0) 








30 
8.0 






mAdc 
mAdc 


Swltchini TiMi 

(Pin 4 connected 
to Pin 8) 


Pulse 
In 


Pulse 
Out 














10 
10 






5 
5 


t^- 






25 
15 


80 
40 






ns 


3 
3 


6 
6 



Pins not listed are left open 



13-183 



Integrated Circuits 



MC930/MC830 (continued) 
BUFFERS 

MC932F 
MC832F 

DUAL 4-INPUT 
BUFFERS 



CIRCUIT DIAGRAM AND LOGIC SYMBOLS 



14 




7 6 8 



ELECTRICAL CHARACTERISTICS — MC932F 



^ „ , -55°C 

©Test 1 +25 . c 
emperature\ +1250C 


Test Conditions 




mA 


Volts 


34.0 


-2.00 


1.40 


2.10 




0 


4.00 






4.50 


9.50 






36.0 


-2.50 


1.10 


2.00 


1.80 


0 


4.00 


4.30 


9.00 


4.50 


5.50 


5.00 


8.00 


32.0 


-4.00 


0.80 


2.00 




0 


4.00 






4.50 


9.50 






Characteristic 


lex 

PinNo 


PinNo 


V.i 

PinNo 


V IH 

Pin No 


PinNo 


Vf 

'in No 


V, 

PinNo 


PinNo 


Vcc 

PinNo 


Vcct 

PinNo 


^CCH 

PinNo 


v ro 

'inNo 


V™ 

'inNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limits 


Unit 


-55*C 


+25°C 


+125°C 


Min 


Max 


Min 


Max 


Min 


Max 


Output voltage 


6 






1.2,4,5 












14 








7 


Vol (6) 




0.40 




0.40 




0.45 


Vdc 




8 






9,10,12,13 












14 








7 


Vol (8) 




0.40 




0.40 




0.45 


Vdc 






6 


1 






















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6 


2 






















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






6 


4 






















7 


V OH (6) 


2.50 




2.60 




2.50 




Vdc 






6 


5 






















7 


Voh(6) 


2.50 




2.60 




2.50 




Vdc 






























7 


Voh(6) 






2.60 








Vdc 






8 


9 






















7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






8 


10 






















7 


V 0 h(8) 


2.50 




2.60 




2.50 




Vdc 






8 


12 






















7 


Voh(8) 


2.50 




2.60 




2.50 




Vdc 






8 


13 






















7 


Vo„(8) 


2.50 




2.60 




2.50 




Vdc 






























7 


Voh(8) 






2.60 








Vdc 


Short-Circuit Currtit 




























1,6,7 


lsc(6) 


-16 




-18 




-16 




mAdc 






























7,8,9 


lsc(8) 


-16 




-18 




-16 






Rtvtrst Currtit 














1 








14 






2,4,5,7 


l.d) 




2.0 




2.0 




5.0 


„Adc 






























1,4,5,7 


1.(2) 




2.0 




2.0 




5.0 


/jAdc 
























14 






1,2,5,7 


1.(4) 




2.0 




2.0 




5.0 


^Adc 






























1,2,4,7 


1.(5) 




2.0 




2.0 




5.0 


„Adc 






























7,10,12,13 


1.(9) 




2.0 




2.0 




5.0 


„Adc 






























7,9,12,13 


1.(10) 




2.0 




2.0 




5.0 


„Adc 






























7,9,10,13 


1.(12) 




2.0 




2.0 




5.0 


„Adc 
















13 








14 






7,9,10,12 


1.(13) 




2.0 




2.0 




5.0 


pAdc 


Output Ltakau Current 




























1,7 


lct< (6) 








50 






„Adc 






























7,9 


Ice<(8) 








50 






pAdc 


Forward Curreut 












1 


2,4,5 








14 






7 


1,(1) 




-1.60 




-1.60 




-1.50 
















2 


1,4,5 








14 






7 


M2) 




-1.60 




-1.'60 




-1.50 
















4 


1,2,5 








14 






7 


1,(4) 




-1.60 




-1.60 




-1.50 
















5 


1,2,4 








14 






7 


1,(5) 




-1.60 




-1.60 




-1.50 


mAdc 














9 


10,12,13 








14 






7 


1,(9) 




-1.60 




-1.60 




-1.50 


mAdc 














10 


9,12,13 








14 






7 


1,(10) 




-1.60 




-1.60 




-1.50 
















12 


9,10,13 








14 






7 


1,(12) 




-1.60 




-1.60 




-1.50 
















13 


9,10,12 








14 






7 


1,(13) 




-1.60 




-1.60 




-1.50 


mAdc 


Power Drali Currtit 
























14 


14 


7 

1.7,9 


I,dm(14) 
U.(14) 








26.6 
6.0 






mAdc 
mAdc 


SwrtchlucTiM 

(Pin 6 connected 
to Pin 9) 


Pulse 
In 


Pulse 
Out 














14 










7 
7 


t* + 






25 
15 


80 
40 






ns 
ns 


5 
5 


8 
8 



Pins not listed are left open 



13-184 



Integrated Circuits 



MC930/MC830 (continued) 
BUFFERS 

MCS32F 
MC832F 

DUAL 4-INPUT 
BUFFERS 



The dual buffer consists of two 4-input inverting drivers designed especially for driving large capacitive 
loads at high speeds. An output emitter-follower in series with a 150-ohm resistor drives the output to 
the high voltage level. A low saturation resistance transistor is turned on, pulling the output down to the 
low voltage level, and providing rapid discharge of capacitive loads. 



SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 



PULSE WIDTH = 200ns 

_TLrer°" 

PULSE INPUT O 




TEST 


R 


C 


tpd + 


510 ohms 


500 pF 


tpd- 


150 ohms 


500 pF 



-o V cc = 5.0 Vdc 



0 TO OSCILLOSCOPE 



t: 1 



ELECTRICAL CHARACTERISTICS — MC832F 



@ Test ),„.. 
emperature | 


Test Conditions 




mA 


Volts 


36.0 


-2.00 


1.20 


2.00 




0.45 


4.00 




5.00 






36.0 


-2.50 


1.10 


1.90 


1.80 


0.45 


4.00 


5.00 


5.00 


5.00 


8.00 


34.0 


-3.00 


0.95 


1.60 




0.50 


4.00 




5.00 






Characteristic 


Iol 

Pin No 


'oh 

Pin No 


V.L 

Pin No 


V.H 

PinNo 


PinNo 


v F 

PinNo 


v R 

PinNo 


PinNo 


Vcc 

PinNo 


VfD 

PinNo 


PinNo 


Grounded 

PinNo 


Symbol 

PinNo 
in( ) 


Test Limits 


Unit 


0 


•c 


+ 25°C 


+75'C 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltaje 


6 






1,2,4,5 










14 






7 


Vol (6) 




0.45 




0.45 




0.50 


Vdc 


8 






9,10,12, 13 










14 






7 


Vol (8) 




0.45 




0.45 




• 0.50 


Vdc 






6 


1 












14 






7 


Voh<6) 


2.60 




2.60 




2.50 




Vdc 






6 


2 


















7 


Voh(6) 


2.60 




2.60 




2.50 




Vdc 






6 




















7 


V 0 m(6) 


2.60 




2.60 




2.50 




Vdc 






6 


5 


















7 


Voh(S) 


2.60 




2.60 




2.50 




Vdc 






6 






3 








14 






7 


V 0 m(6) 






2.60 








Vdc 






8 


9 












14 






7 


Vom(8) 


2.60 




2.60 




2.50 




Vdc 






8 


10 












14 






7 


V OH (8) 


2.60 




2.60 




2.50 




Vdc 






8 


12 


















7 


V OM (8) 


2.60 




2.60 




2.50 




Vdc 






8 


13 












14 






7 


V 0H (8) 


2.60 




2.60 




2.50 




Vdc 






8 






11 








14 






7 


V 0 „(8) 






2.60 








Vdc 


Short-Circuit Current 


















14 






1,6.7 


l S c(6) 


-15 




-16 




-14 






























7,8,9 


Uc(8) 


-15 




-16 




-14 






Revern Current 














1 




14 






2,4,5,7 


l.d) 




5.0 




5.0 




10 


^Adc 
















2 




14 






1,4,5,7 


1.(2) 




5.0 




5.0 




10 


M Adc 




















14 






1,2,5,7 


1.(4) 




5.0 




5.0 




10 


M Adc 
















5 




14 






1,2,4,7 


1.(5) 




5.0 




5.0 




10 


M Adc 
















9 




14 






7,10,12,13 


1.(9) 




5.0 




5.0 




10 


M Adc 
















10 




14 






7,9,12,13 


1,(10) 




5.0 




5.0 




10 


M Adc 
















12 




14 






7,9,10,13 


1.(12) 




5.0 




5.0 




10 


jjAdc 
















13 




14 






7,9,10,12 


1.(13) 




5.0 




5.0 




10 


,,Adc 


Output Leakage Current 
























1,7 


l CE «(6) 








100 






M Adc 


















8,14 








7,9 


lcix(8) 








100 






,,Adc 


Forward Current 












1 


2,4,5 




14 






7 


Ml) 




-1.40 




-1.40 




-1.33 


mAdc 














2 


1,4,5 




14 






7 


1,(2) 




-1.40 




-1.40 




-1.33 


mAdc 
















1,2,5 




14 






7 


1,(4) 




-1.40 




— 1.40 




-1.33 


mAdc 














5 


1,2,4 




14 






7 


U(5) 




-1.40 




-1.40 




-1.33 


mAdc 














9 


10,12,13 




14 






7 


1,(9) 




-1.40 




-1.40 




-1.33 


mAdc 














10 


9,12,13 




14 






7 


1,(10) 




-1.40 




-1.40 




-1.33 


mAdc 














12 


9,10,13 




14 






7 


1,(12) 




-1.40 




-1.40 




-1.33 


mAdc 














13 


9,10,12 




14 






7 


1,(13) 




-1.40 




-1.40 




-1.33 


mAdc 


Power Drain Current 




















14 


14 


7 

1,7,9 


I,™ (14) 
L..U4) 








30 
8.0 






mAdc 


Switching Time 

(Pin 6 connected 
to Pin 9) 


Pulse 
In 


Pulse 
Out 




















7 
7 








25 
15 


80 
40 








5 
5 


8 
8 



Pins not listed are left open 
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Integrated Circuits 



MC1050F MCML 

mc1051F 
mc1052F 

MC1050F Dual-4 Input Gate 

The MC1050F is a monolithic Integrated Circuit Current Mode Logic Dual 4 Input Gate 
element. This gate element provides the positive logic "OR/NOR" function. A bias 
driver is "built-in" to the circuit, eliminating the necessity for any external biasing. 
MC1051F Dual-4 Input Gate with "Wired-Or" Capability 
The MC1051F is a monolithic Integrated Circuit, Current Mode Logic, Dual 4 Input 
Gate element, with the capability of operation in the "Wired-OR" condiguration. This 
gate element provides the positive logic "OR/ NOR" function. A bias driver is "built-in" 
to the circuit, eliminating the necessity for any external biasing. 

MC1052F Single-8 Input Gate 

The MC1052F is a monolithic Integrated Circuit, Current Mode Logic, Single 8 Input 
Gate element. This gate element provides thepositive logic "OR/NOR" function. A bias 
driver is "built-in" to the circuit, eliminating the necessity for any external biasing. 

MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Logic input voltage (Pins 5, 6, 7, 8, 11, 12, 13 & 14) 




5 


Volts 


Power Supply Voltage 




10 


Volts 


Operating Temperature Range 


T A 


0 to 70 


°C 


Storage Temperature Range 


T stg 


-65 to 150 


°C 



FIGURE 1 — CIRCUIT SCHEMATICS 




MC1050F, MC1051F 
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Integrated Circuits 



MC1050F, MCI 051 F, MC1052F (continued) 



ELECTRICAL CHARACTERISTICS: Voc = 0, Vee = —5.2 Vdc, Ta = 25°C unless otherwise noted 
Unused inputs connected to Vee. 

MC1051F — Pins 1 and 4 connected to Vee thru external 500-ohm resistor. 
MC1052F — Connect pin 4 to pin 5 and pin 1 to pin 14 for all tests. 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC CHARACTERISTICS 


"NOR". Logical "1" Output Voltage (Figure 1) 
(V in = -1.35 Vdc each input) 


v l 


-0.650 


-0.825 


Vdc 


"NOR" Logical "0" Output Voltage (Figure 1) 
(V in = -1.000 Vdc each input) 


v 4 


-1.530 


-1.800 


Vdc 


"NOR" Saturation Breakpoint Voltage (Figure 1) 
(dv "NOR"/dV in = 0) 


v 3 




-0.60 


Vdc 


"OR" Logical "I" Output Voltage (Figure 1) 
(V in = -1000 Vdc each input) 


V 5 


-0.650 


-0.825 


Vdc 


"OR" Logical "0" Output Voltage (Figure 1) 
(V in = -1.35 Vdc each input) 


V 2 


-1.530 


-1.800 


Vdc 






Typ 


Max 




Total Unit Power Supply Current Drain 
MC1050F 

MC1051F (Disconnect external 500-ohm resistor) 
MC1052F (Remove connections to pins 5 and 14) 


h 


45 
35 
25 


60 
50 
35 


mAdc 


Input Current 
(V 1 = -0.800 Vdc each input) 






200 


UAdc 


Fan- Out 


n 




10 




SWITCHING CHARACTERISTICS: V H = -0.740 Vdc 


, V L = -1.630 Vdc, Fan- 


In = 1 (Figure 2) 


Propagation Delay Time - Fan-Out = 1 
"NOR" Output 
"OR" Output 
"NOR" Output 
"OR" Output 


*dl 
tdl 
*d2 
t d 2 


1 1 1 1 


4.0 

5.0 
5.0 
4.0 


ns 


Rise Time - Fan-Out = 1 






5.0 


ns 


Fall Time - Fan-Out = 1 


k 




4.0 


ns 



FIGURE 2— FIGURE 3 — 

TRANSFER CHARACTERISTICS and METHOD OF TEST SWITCHING TEST CIRCUIT and WAVEFORMS 
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Integrated Circuits 

ADDITIONS AND MODIFICATIONS 



13-188 



Integrated Circuits 

ADDITIONS AND MODIFICATIONS 
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Integrated Circuits 



LINEAR CIRCUITS 



Linear Integrated Circuits 

MC1110 Emitter-Coupled Amplifier 

MCI 51 9 Wideband Differential Amplifier 

MCI 524 1 W Power Amplifier 

MCI 530 Operational Amplifier 

MCI 531 Operational Amplifier — Darlington Input 
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Integrated Circuits 



MC 



1110 



LINEAR CIRCUIT SERIES 



G T = 22 db @ TOO Mc 
NF = 6db @ 100 Mc 



CASE 89 



Emitter- coupled, integrated circuit linear amplifier 
for IF and RF applications. Frequency range is DC to 
300 MC. 



MAXIMUM RATINGS (at 25°C ambient) 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply Voltage 


v cc 


10 


Vdc 


Power Supply Voltage 


V EE 


14 


Vdc 


Total Power Dissipation 
(Derate 5 mW/°C above T A = 25°C) 


P D 


0.5 


Watt 


Operating Temperature Range 


T i 


-55 to+125 


°C 


Storage Temperature Range 


T stg 


-65 to+200 


°C 


Maximum Input Level (RMS) 


Vin 


2 


V (RMS) 



+V CC e ouf 
3Q Q7 



/ 



X 



e,*0- 



\ 



\ 



\ j / 1 /" can " 
/ 

/ 



CIRCUIT SCHEMATIC 



DC CHARACTERISTICS TEST CIRCUIT SHORT CIRCUIT ADMITTANCE TEST CIRCUIT 

(GENERAL RADIO 1607 A BRIDGE) 
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— — Integrated Circuits 

MCI 110 (continued) 



ELECTRICAL CHARACTERISTICS (AtT A = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DC CHARACTERISTICS 


Input Leakage Current 
(V3 = 5 Vdc; I5, I7, I9 = 0) 


h 






10 


nAdc 


Output Leakage Current 
(V ? = 5 Vdc; I x , I 3 , I 5 = 0) 


h 






10 


nAdc 


Operating Current 
(V cc = 5 Vdc, V EE =-4.7 Vdc, V in = 0) Figure 1 




3.8 


4 


4.2 


mAdc 


Input Operating Current 
( V cc = 5 Vdc,V EE =-10 Vdc, V m = 0) Figure 2 


h 






250 


H Adc 


Reference Operating Current 
( V CC = 5 Vdc ' V E £ = " 10 Vdc ' Vin = °* Figure 1 








250 


MAdc 


Current Balance 
( V ec = 5 Vdc, V E£ = -10 Vdc, V in = 0) Figure 1 
( V cc = 5 Vdc,V EE = -1 Vdc, V m = 0) Figure 1 


i 3 /i 7 


0.90 
0. 90 




1.10 
1.10 




Large Signal Transconductance 
(V C C = 5 Vdc, V EE = "4 Vdc, AV in = 50 mV) 


G 21 


26 


28 




m-mhos 


SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(V cc = 5 V, I E = -4 mA, f = 100 mc) 


h 21 


6.0 


9.0 






Short Circuit Admittances 
(V C C = 5 V, V EE = -4V, f = 100 mc) Figure 1 
Input Admittance 
Reverse Transfer Admittance 
Forward Transfer Admittance 
Output Admittance 


l v lll 

|yi2i 

IV21I 
l y 22| 




2.0 
0.064 
16.3 
1.2 




m-mhos 


Transducer Power Gain 
( v cc.= 5V , V EE = -4V, f = 100 mc, BW = 3 mc) Figure 20 
(V C c = 5V, V EE = -4V, f = 200 mc, BW = 6 mc) Figure 21 


G T 


22 
15 


26 
18 




db 


Noise Figure 
(V C C = 5V, V EE = -4V, f = 100 mc, R = R^) 


NF 




4 


6 


db 



13-192 



■ Integrated Circuits ■ 



MC 1110 (continued) 



100 MC POWER GAIN TEST SET 



ST* 



1 1 



SHIELD 





R G = 50i2 



BYPASS 



COMPONENT VALUES 



c„ c 6 


VARIABLE CERAMIC CAPACITOR 


9-3 5 yllyU.f 


c 3 


VARIABLE CERAMIC CAPACITOR 


5.5-18 MM f 


c 4 


VARIABLE CERAMIC CAPACITOR 


2-8 MM f 


c 2 , c 5 


FIXED MICA CAPACITOR 


50 ftftf 


FT ALL 


FEED THROUGH CAPACITORS 


1200 MjU f 


Bypass 


CAPACITORS, DISC CERAMIC 0.1 


/xf, 75 Vdc 


L, 


INPUT INDUCTOR, 0.15 M h Q > 50 




L 2 


OUTPUT INDUCTOR, 0.25 M h Q > 50 




V cc = 


5.0 Vdc 




v EE = - 


-4 VOLTS 





200 MC POWER GAIN TEST SET 




COMPONENT VALUES 



c„ c 4 


VARIABLE CERAMIC CAPACITOR 


5.5-18 MM f 


c 2 , c 3 


VARIABLE CERAMIC CAPACITOR 


2-8 ixfxf 


c 5 


FIXED MICA CAPACITOR 


300 M/i f 


FT ALL 


FEED THROUGH CAPACITORS 


1200 


BYPASS 


CAPACITORS, DISC CERAMIC 


0.1 M f, 75 Vdc 


L, 


INPUT INDUCTOR 


30 nhy Q > 100, 2T #16 AWG V*" FORM 


L, 


OUTPUT INDUCTOR 


50 nhy Q > 100, 4T #16 AWG W FORM 


RFC 


JEFFERS MOLDED CHOKE 


0.68 fxh 


V cc = 


5.0 Vdc 




v EE = - 


-4 VOLTS 
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• Integrated Circuits • 



MCI 110 (continued) 

INPUT ADMITTANCE versus EMITTER CURRENT 




2.0 4.0 6.0 8.0 10 

l E , EMITTER CURRENT (mA) 

FORWARD TRANSFER ADMITTANCE versus FREQUENCY 

G„, B„ 





70 


hos) 


60 


E 




E, 






50 


z 






40 






=> 






30 










5 20 






o 


10 


z 
o 
o 





Y 












1 llllllll 

V c , = 5.0 VOLTS 


























li = 


4 


.0 mA 














































































































I 















































































L0 5.0 10 2Q 40 60 100 200 400 1000 

f, FREQUENCY (mc) 

FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 



30 



100 Mi 


CY 21 

, = 5.0 VOL 


rs 
















-7) 











0 2.0 4.0 6.0 8.0 10 

l £ , EMITTER CURRENT (mA) 

FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 




REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 



200 MC Y„ 

i 








Vc 


, - 5.0 VOL 


G„ 










































-B.j 


0 

U 



2.0 4.0 6.0 8.0 

U, EMITTER CURRENT (mA) 

OUTPUT ADMITTANCE versus FREQUENCY, 




0 5.0 10 20 40 60 100 200 400 1000 

f, FREQUENCY (mc) 

OUTPUT ADMITTANCE versus EMITTER CURRENT 





G J2 




0.7 




_ 0.6 






mhos) 


d 

UllU) i 


_t 


2 0.4 


CEPTANC 


'ONDUCT/ 


=5 


OUTPUT ( 



100MCY,, 1 








. = 5.0 VOL 


TS 

























































2.0 4.0 6.0 8.0 

l E , EMITTER CURRENT (mA) 

OUTPUT ADMITTANCE versus EMITTER CURRENT 



2.0 4.0 6.0 8.0 

l E , EMITTER CURRENT (mA) 





G 2J 




0.7 




-5? 0 6 








1 0.5 




,E 


1 






| 0.4 






z 


o 




| 0.3 








o 




I 02 












° 0.1 




0 



200 MC Y„ 

i 








Vc 


• = 5.0 VOL 


S 

























































2.0 4.0 6.0 8.0 10 

U, EMITTER CURRENT (mA) 
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- Integrated Circuits « 



MCI 110 (continued) 



100 MC NOISE FIGURE vs. SOURCE RESISTANCE 

15 




100 200 400 600 8001000 2000 

R s , SOURCE RESISTANCE (OHMS) 

OPTIMUM NOISE FIGURE, OPTIMUM 
SOURCE RESISTANCE AND AVAILABLE POWER 
GAIN versus FREOUENCY 




20 o? 2K ! 



20 30 40 60 80 100 200 300 
f, FREQUENCY (mc) 

INPUT ADMITTANCE versus EMITTER CURRENT 



GAIN CONTROL CHARACTERISTICS 



7,'Z 



"Z. 



, = + 5.0 VOLTS, CONSTANT 
= Oto-20 VOLTS, VARIABLE ' 



.05 0.1 0.5 1.0 5 10 20 

l„ EMITTER CURRENT (mA) 

200 MC TRANSDUCER POWER GAIN (Gt) 
versus POWER DISSIPATION 



g 16 

| 12 
S 8.0 
4.0 



























































































SEEF 
: OR TE 


IG21 
ST CK 















































0 10 20 30 40 50 60 70 80 90 100 
TOTAL POWER DISSIPATION ( milliwatts ) 

REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 



1.75 
1.50 
1.25 
1.00 
0.75 
0.50 
0.25 



3.5 

3.0 

1 2.5 
e 

y 2.0 

I 1.5 
o 

g 1.0 
0.5 



100 MC Y„ 

— ^fH 








V« = 5.0 VOLTJ 






























B„ — . 





























l E , EMITTER CURRENT (mA) 

INPUT ADMITTANCE versus FREQUENCY 



0.3 



Y„ 




































u 


5.0 VOLTS 
- 4.0 mA 
















































-( 




































4 


/ 


































B 









































































100 MC Y 12 








v c 


, = 5.0 VOL 


S 
















































-B„ 0 

— u 



0 2.0 4.0 6.0 8.0 10 

l E> EMITTER CURRENT (mA) 

REVERSE TRANSFER ADMITTANCE versus FREQUENCY 

6.i.B„ 



^ 0.3 
5 



Y 


2 






Ml 
























V C i = 5.0 VOLTS 
l E = 4.0 mA 












































































/ 




























































B 


, « 0. 































5.0 10 20 40 60 
f, FREQUENCY 



100 200 400 1000 
(mc) 



5.0 10 20 40 60^ 100 200 400 1000 
f, FREQUENCY (mc) 
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Integrated Circuits 



mc1519 



CASE 71 




LINEAR CIRCUIT SERIES 



A dd = 67 db 
V I0 = 6 mV 
CMR = 89 db 
BW = 0.7 Mc 



Integrated circuit wideband differential amplifier 
featuring NPN inputs and PNP outputs. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply Voltage 


v cc 


+14 


Vdc 


Power Supply Voltage 


V EE 


-14 


Vdc 


Differential Input Signal 


V in 


±5 


Vdc 


Total Power Dissipation 
Derate above 25 C 


PD 


300 


mW 


2.0 


mW/°C 


Operating Temperature Range 


_Ij 


-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 



CIRCUIT SCHEMATIC 

Vcc 




WIDE BAND DIFFERENTIAL AMPLIFIER 
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Integrated Circuits 



MCI 51 9 (continued) 



ELECTRICAL CHARACTERISTICS 

( Vcc = +12 Vdc, Vri:= — 12 Vdc, Ta = 25°C unless otherwise noted) 



Characteristic 


Figure No. 


Symbol 


Min 


Typ 


Max 


Unit 


Differential Voltage Gain 
Circuit A (CE) 
Circuit B (CC) 


3, 8 


A dd 


67 

4.0 


73 
45 


79 
50 


db 


Single Ended Voltage Gain 
Circuit A (CE) 
Circuit B (CC) 


3 


A V 




67 
38 




db 


Maximum Output Swing 
Circuit A (CE) 
Circuit B (CC) 


4 


v o 


L2.0 
8.0 


14.0 
10.0 




Vp) 


Input Offset Voltage 
Circuit A (CE) 
Circuit B (CC) 


5, 9 


V IO 




2.0 
2.0 


6.0 
6.0 


mVdc 


Input Offset Voltage Drift 
Circuit A (CE) 
Circuit B (CC) 


5, 9 


V IOD 




5.0 
5.0 




mv/°c 


Input Offset Current 
Circuit A (CE) 
Circuit B (CC) 


6, 10 


ho 




1.0 
2.0 


4.0 
8.0 


/lAdc 


Input Current 
Circuit A (CE) 
Circuit B (CC) 


6, 11 


h 




40.0 
60.0 


70.0 
90.0 


fj.Adc 


Common Mode Rejection 
Circuit A (CE) 
Circuit B (CC) 


7 


CM Rej 




89.0 
86.0 




db 


Bandwidth - 3 db 
Circuit A (CE) 
Circuit B (CC) 


3, 12 


BW 


0.70 
5.0 


1.0 
8.0 




mc 


Differential Input Impedance 
Circuit A (CE) 
Circuit B (CC) 


2 


z in 


1.8 


2.6 
1.2 




kohms 


Single Ended Output Impedance 
Circuit A (CE) 
Circuit B (CC) 


2 


z out 




2.7 
0.048 


0.120 


kohms 
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MCI 51 9 (continued) TEST CIRCUITS 

FIGURE 1 

CIRCUIT A - COMMON EMITTER OUTPUT 




CIRCUIT B - COMMON COLLECTOR OUTPUT 

Vcc 




FIGURE 2 — DIFFERENTIAL INPUT IMPEDANCE 
and SINGLE-ENDED OUTPUT IMPEDANCE 



FIGURE 3 - DIFFERENTIAL VOLTAGE GAIN, 
SINGLE-ENDED VOLTAGE GAIN, and BANDWIDTH 




Z ifl : WHEN Rs, SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. _L 
THEN R in = Z in 



Z olrt: WHENR 0 „,SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 
THEN R out = Z C11 , 



2. A v @ f = 1 kc and Bandwidth: A v £ 



FIGURE 4 - MAXIMUM OUTPUT SWING 



FIGURE 5 - INPUT OFFSET VOLTAGE 




r 




T 



TEST 
AMPL. 



^\ DC NULL fN w 
VOLT METER W "° 



V io -V s whenV o -0 



V s INCREASED UNTIL V Q REACHES FULL CUTOFF. 



V s IS CALIBRATED VARIABLE DC MILLIVOLT SOURCE 
WITH OUTPUT IMPEDANCE OF lOfi 



FIGURE 6 - INPUT OFFSET CURRENT 
and INPUT CURRENT 



?LOWZ I 
MICRO- O 
AMMETERS y 



TEST 
AMPL. 



2 



INPUT CURRENT A ^y^- 
INPUT OFFSET CURRENT A l A -l| 



FIGURE 7 - COMMON MODE REJECTION 

VcM ( n,„) = +4-4V CMr.j £-20fogWAeJ. ^=a^^, 



VcM(m iB ) = -6.3V 



TEST 
AMPL. 



A V 0 RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
+4.4 TO —6.3V 
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■ Integrated Circuits • 



MCI 51 9 (continued) 

EFFECT OF TEMPERATURE ON CIRCUIT B CHARACTERISTICS 
Ri SET FOR Vqjcmj = + 6 V AT +25 °C 



FIGURE 8 - DIFFERENTIAL MODE GAIN FIGURE 9 - INPUT OFFSET VOLTAGE 



2.6 




-55 -25 0 25 55 85 125 -55 -25 0 25 55 85 125 

T A , TEMPERATURE ( C C> T Al TEMPERATURE (°C) 



FIGURE 1 0 - INPUT OFFSET CURRENT FIGURE 1 1 - INPUT CURRENT 




-55 -25 0° 25 55 85 125 -55 -25 0° 25 55 85 125 

~Ta. TEMPERATURE (°C) T A( TEMPERATURE <°C) 




13-199 



Integrated Circuits 



mc1524 



LINEAR CIRCUIT SERIES 



z L = 16 - 1000 

THD = 0.6%Typ 
A v = 10, 20 or 30 



CASE 71 




Integrated circuit 1-W audio power amplifier. 



MAXIMUM RATINGS (Ja = 25 °C unless otherwise noted) 



Characteristics 


Symbol 


Ratings 


Unit 


Power Supply Voltage 


v cc 


12 


Vdc 


Power Supply Voltage 


V EE 


-12 


Vdc 


Operating Temperature Range 


T A 


-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 


Maximum Audio Output Power 
(T A = -55°C to+125°C) 


Pout(max) 


1.0 


Watt 



LINEAR POWER AMPLIFIER CIRCUIT SCHEMATIC 



+Vcc 
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Integrated Circuits 

MCI 524 (continued) 

ELECTRICAL CHARACTERISTICS (V cc = +6V, v EE = -6V,T A = 25°c.) 



Characteristic 


Load 
mpedance 


Feedback 
Tap 


Symbol 




Typ 


Max 




Maximum Peak-to-Peak Output Voltage 
for THD < 3% @ 1 kc 


16 


1000 




9.0 


10.0 




V (P-P) 


Voltage Gain @ 1 kc 




250 


A V 


— 


37.9 


— 


— 




16 


500 
1000 




10.0 


20.0 
11.5 


12.5 








250 




- 


41.2 


- 






100 


500 
1000 




11.0 


21.3 
12.3 


13.5 




Input Impedance @ 1 kc 


- 


1000 


Zin 


6.0 


8.5 


- 


kohms 


Output Impedance @ 1 kc 




1000 


Zout 




0.58 


0.80 


ohms 


Bandwidth 




250 


BW 


_ 


350 




kc 




16 


500 




— 


480 


— 








250 




— 


340 


— 






40 


500 
1000 






480 
790 










250 






320 








100 


500 
1000 






480 
810 






Zero Signal Current Drain 
(Each Supply) 


16 


1000 


l S 




1.5 


4.0 


mA 


Low Level Total Harmonic Distortion (g 1 kc 
(50 mVrms in) 


16 


1000 


THD 




0.6 


2.0 


% 



FIGURE 1 - AC COUPLED CIRCUIT FIGURE 2 - DC COUPLED CIRCUIT 
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Integrated Circuits 



RECOMMENDED OPERATING CONDITIONS 

1) DC load resistance (R L ) should be greater than 
5 ohms for DC stability. 

2) Power supplies should be balanced, have low 
source impedances, and should be turned on and off 
simultaneously. (See Fig. 6 for Standby Current vs. 
Supply Unbalance.) 

3) Capacitors C 3 and C 4 provide high-frequency 
stability. For most loads, at temperatures below 
70°C, C 4 may be omitted. 

4) Low frequency rolloff of AC coupled circuit is 
determined by Cj and C 2 . Fig 1 is recommended for 
loudspeaker loads because of DC stability intro- 
duced by C 2 . 

5) Open loop operation is not recommended. Feed- 
back taps are connected as follows : 

Feedback Tap Pin Connection 



lKn 


8 to Co (AC) or ground (DC) 


500(1 


9 to C 2 (AC) or ground (DC) 


250 O 


8 to 10; 9 to C 2 (AC) or ground (DC) 



FIGURE 3 - MAXIMUM AVAILABLE OUTPUT 
POWER 

(BEFORE CLIPPING - RESISTIVE LOAD) 
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Rl. LOAD RESISTANCE (ohms) 



FIGURE 4 - TOTAL HARMONIC DISTORTION FIGURE 5 - AC COUPLED FREQUENCY RESPONSE 




0 10 20 30 40 50 60 70 80 90 100 10 100 1KC 10KC 100KC IMC 

Rl, LOAD RESISTANCE (ohms) f, FREQUENCY (cps) 



FIGURE 6 - STANDBY CURRENT VARIATION DUE TO SUPPLY UNBALANCE 



'vcc 'vcc (mAdc) 
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MCI 524 (continued) 



FIGURE 7 — DC TRANSFER CHARACTERISTICS FIGURE 8 - VOLTAGE GAIN versus TEMPERATURE 
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mc1530 
mc!531 



- Integrated Circuits 
LINEAR CIRCUITS 




Monolithic Operational Amplifier, designed for use 
as a summing amplifier, integrator, or amplifier with 
operating characteristics that can be varied by means 
of external feedback components. 



CASE 71 



MAXIMUM RATINGS (Ta = 25 °C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply Voltage 


v cc 


+ 9 


Vdc 


Power Supply Voltage 


V EE 


-9 


Vdc 


Differential Input Signal 




15 


Vdc 


Load Current 




10 


mA 


Total Power Dissipation 
Derate above 25 C 


Pd 


600 
4.0 


mW 
mW/°C 


Operating Temperature Range 


T A 


-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 
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Integrated Circuits 

MCI 530, MCI 531 (continued) 



ELECTRICAL CHARACTERISTICS 



(Vcc = +6 Vdc, Vee = —6 Vdc, 

Ta = 25°C unless otherwise noted) 



Characteristic Definitions * 



Characteristic 



Symbol 



Typ 



Open Loop Voltage Gain 



MC1530 
MC1531 

MCI 530 
MC1531 



4500 
2500 



74 
71 

5000 
3500 



12500 
7000 



Open Loop Bandwidth 
(no roll-off capacitance) MC1530 
MC1531 



1.2 
0.4 




Output Impedance 
(f= 20cps) 



MC1530, MC1531 



Input Impedance 
(f = 20 cpa) 



MCI 530 
MC1531 



20 K 
2M 



Output Voltage Swing 
(1 Kohm Load) 



MC1530, MC1531 



Vpeak 




Input Common Mode Voltage Swing 
MC1530 
MC1531 



ViCM 



±2.7 
±2.4 



v peak 



CM r>1 - — Ay C m — Avol 



Common Mode Rejection Ratio 

MC1530 
MC1531 



CM Rej 



75 
75 



Input Bias Current 



MCI 530 
MC1531 



3 

0.025 



10 
0.150 



Input Offset Current 



MC1530 
MC1531 



0.200 
0. 003 



Input Offset Voltage 



MC1530 
MC1531 



Input Noise Voltage 
(Open Loop, 50 ohm MC1530 
source, BW OL = 5 mc) MC1531 



Average Temperature Coefficient of 
Input Offset Voltage 
25°Cto + 125°C MC1530 
-55°C to+ 25°C 

25°C to +125°C MC1531 
-55°C to+25°C 



M V/°C 



11 

20 



D.C. Power Dissipation 
(Power Supply = ± 6 V, V 0 =0) 




Positive Supply Sensitivity 
(-V constant) 



Negative Supply Sensitivity 
(+V constant) 



mv/v 



*All definitions imply linear operation (V. = 0) 



FIGURE 4 — NORMALIZED DC OPEN LOOP TRANSFER CHARACTERISTICS 




V,-„, INPUT VOLTAGE (mV) 



1. For High Slew Rate use Circuit A, Figure 12 

2. For Minimum Noise use Circuit B, Figure 12 

3. For operational stability Power Supply decoup- 
ling should be employed at all times. 

4. Self Biasing network used to hold output voltage 
less than -± 1 volt d.c. (quiescent) 



2 o — vw 

100 KG 



—AAA/ 0 5 

1000 ju.f 
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MC 1 530, MCI 531 (continued) 



FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 

(Rolloff Applied To Output Amplifier) (Rolloff Applied To Input Differential Amplifier) 




FREQUENCY (kc) FREQUENCY (kc) 
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MCI 530. MCI 5 31 (continued) 



FIGURE 7 - MAXIMUM OUTPUT VOLTAGE 

(Rolloff Applied To Output Amplifier) 

TT1 l l l l l l l l l l TT 



SWING versus FREQUENCY 

(Rolloff Applied To Input Differential Amplifier) 




FIGURE 8 - OPEN LOOP VOLTAGE GAIN versus FREQUENCY 

(Rolloff Applied To Input Differential Amplifier) 



60 

I 50 

z 

3 

S 40 



s 



\ 



MC1530 
MC1531 
C = 0.1/if 



A 



0 = 0^ 



\ 



SELF BIAS L \ 
NETWORK 



\ 



MCI 530 



X 



\ 



.01 0.1 
FREQUENCY (mc) 



FIGURE 9 -VOLTAGE GAIN 
versus MINIMUM ROLLOFF CAPACITANCE 




1 2 3 5 7 10 100 
C, CAPACITANCE (pf) 
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Integrated Circuits 

MCI 530, MCI 5 31 (continued) 



TEMPERATURE CHARACTERISTICS 
FIGURE 10 — RMS NOISE VOLTAGE 



FIGURE 11 — SAFE OPERATING AREA 

(No Heat Sink) 




10 



FIGURE 12 -SLEW RATE versus ROLLOFF CAPACITANCE 
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FIGURE 13 - OPEN LOOP VOLTAGE GAIN 
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MCI 530, MCI 531 (continued) 
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ADDITIONS AND MODIFICATIONS 
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HARDWARE 



THE FOLLOWING SEMICONDUCTOR HARDWARE 
IS INCLUDED IN THIS SECTION. 



MH745 
MH746 



Rectifier - zener diode mounting hardware 



MK10 
MK15 
MK20 
MK25 



Power transistor mounting hardware 



MS10 
MSI 5 



Power transistor heat- sinks 



XC63 
XC72 



Integrated circuit interconnecting patchboards 
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Hardware 



11/16' 

mh745 
mh746 



MOUNTING HARDWARE 
FOR 

7/16" RECTIFIER AND 10 WATT ZENER DIODE 
RECTIFIER AND 50 WATT ZENER DIODE STUD PACKAGES 



MICA WASHERS 

.62 X .20 x 

* * * * u * .004 




TEFLON WASHER 
,276 JL85 „ 
.286 .195 




.997 
1.003 

.041 
.051 



MICA WASHERS 
.255 .004 



FLAT WASHER 
Steel, cad. plated 



SOLDER TERMINAL 
Copper, cad. plated 
.90 x .44 x .25 



^ LOCK 
. — Steel 

(Sj m 

.381 



LOCK WASHER 
Steel, cad. plated 
.370 .194 .020 
.381 .204 .025 



NUT 

Brass, cad. plated , 10-32NF-2-I 
.362 

Nom. across flats 
.182 
x .192 




^bbs**- ^— TEFLON WASHER 
SZS^T .362 .264 .060 

(qT 372 - 274 - 070 



- FLAT WASHER 
Steel, cad. plated 
.65 _;257 ^06 
.85 X .270 .08 



- SOLDER TERMINAL 
Copper, electro-tinned 
(AMP #34124) 



-LOCK WASHER 
Steel, cad. plated 
;5J> x ^25 v ^017 



.27 



.027 



• NUT 
Steel, cad. plated 
1-28 NF-2B 

.425 . .187 

-^-across flats x 



7/\6 STUD 

(MH 745) 



11/16 STUD 

(MH 746) 



Mounting hardware is sup- 
plied with the units. For 
additional hardware, order 
by kit number: 

MH745 - %" 
STUD MOUNTING 
HARDWARE 

MH746-%" 
STUD MOUNTING 
HARDWARE 
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POWER TRANSISTOR MOUNTING KITS 
MK-10 - teflon 

MK-15 — mica 

MK-20 — anodized aluminum 



MK 



-25 - 



mica 



NO. 6 SHEET 
METAL SCREWS 




INSULATING 
BUSHING 



SOCKET 



SCREWS OR RIVETS 
(not in mounting kit) 



Typical thermal characteristics for teflon, mica, and 
anodized aluminum insulators used in mounting kits 
are given in the table below. (Figures may va- 
ry with mounting torque applied. Do not over stress. ) 



KIT TYPE 


INSULATING WASHER 


TYPICAL THERMAL RESISTANCE (°C/Watt) 






Dry 


With DC4* 




No Insulator 


.20 


.10 


MK-10 


Teflon 


1.45 


.80 


MK-15 


Mica 


.80 


.40 


MK-20 


Anodized Aluminum 


.40 


.35 


MK-25 


Mica 







*DC4 is Dow Corning No. 4 Silicone Lubricant. 



Mounting kits, types MK-10, MK-15, MK-20, and MK-25 provide the neces- 
sary hardware for correctly mounting all TO-3 and TO-66 industry standard 
power transistor types to a chassis. With these kits, power transistors can 
be electrically insulated from the heat sink chassis, while maintaining com- 
plete heat transfer characteristics. 

Included in these highly useful kits are a transistor mounting socket, front 
and back mounting templates for hole drilling guides, two #6 mounting screws, 
two insulating bushings, an insulating washer and complete mounting instruc- 
tions. 
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Hardware 



MK-10, MK-15, MK-20, MK-25 (continued) 

The teflon-coated glass cloth insulating washer, included in kit MK-10, 
will find use in installations requiring an insulator of excellent durability. 
The mica insulator, in kit MK-15 and MK-25, is characterized by very high 
thermal conductivity. In applications where both good thermal conduction and 
durability are necessary, the anodized aluminum insulator supplied in kit 
MK-20, is recommended. 

The transistor socket included in all mounting kits, is made of rugged lami- 
nated phenolic, with contacts of phosphor bronze. 

Three cadmium plated solder lugs, having a 15-amp maximum current ca- 
pacity, are provided for base, emitter and collector connections. 





.002 MICA 
INSULATOR 

Type MK-15 
mounting kit 



TRANSISTOR SOCKET 

Included with all TO-3 mounting kits 



TEFLON INSULATING-BUSHING 

Included with all mounting kits 




- BRASS 
CADMIUM PLATED 
.030 THK 




(2 HOLES) 

.002 MICA INSULATOR 

Type MK-25 mounting kit 



TRANSISTOR SOCKET 

Included with all T0-66 mounting kits 



TEFLON INSULATING BUSHING 

Included with all mounting kits 
(Same as for TO-3) 
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Hardware 

MS 10 POWER TRANSISTOR HEAT SINK 



Designed specifically for use with the industry standard type TO- 3 (diamond) 
power transistor, this heat sink will reduce transistor junction temperatures 
and permit safe operation at higher power levels or under high ambient 
temperatures. 

Cooling is accomplished with the MS- 10 by conduction, convection and 
radiation. Although measuring only 4-l/2" by 3-l/l6", the MS- 10 makes pos- 
sible thermal dissipation effectively equal to that of a flat sheet of aluminum 
10" by 8" by l/8 M . This greatly reduces the chassis area necessary for heat 
dissipation at higher power levels. 

The transistor with use of silicon grease should be mounted directly to the 
MS- 10 heat sink with the insulating washers placed at each of the (4) mounting 
points located on the heat sink flange. This is accomplished by placing (1) 
shoulder washer on the bottom and (1) flat washer on top of each mounting 
point of the heat sink. A mica washer is supplied to isolate the transistor from 
the heat sink if desired* 

The MS -10 has a hole pattern arrangement which will accommodate the 
mounting of one TO-3 power transistor and/or two 10/32 M stud mounting 
diodes. Provided with each MS-10 package is an MK-15 power transistor 
mounting kit which contains a power transistor socket, mounting screws, 
complete mounting instructions and a mica insulating washer for use in mount- 
ing transistors to the heat sink. 

This heat sink is easy to install and does not interfere with the operation of 
the transistor. For optimum efficiency, the MS-10 should be mounted with the 
fins vertical. 
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Hardware 



MS- 10 (continued) 




Providing cooling by conduction, convection and radi- 
ation, the MS-10 Heat Sink, measuring only 4-1/2" by 
3-1/16", has thermal dissipation equal to that of a 
flat sheet of aluminum 10" x 8" x 1/8". 




-THIS SURFACE SHALL 
BE FLAT WITHIN .005 



NATURAL CONVECTION COOLER 
IS ALUMINUM. FINISH IS BLACK. 



HOLE LIST 


HOLE 


SIZE 


A 


.218 OIA 


B 


.188 DIA 


C 


.140 OIA 
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Hardware 



MS- 15 POWER TRANSISTOR HEAT SINK 

Designed specifically for use with the industry standard type TO- 36 ("door- 
knob") power transistor, this heat sink will reduce transistor junction temper- 
atures and permit safe operation at higher power levels or under high ambient 
temperatures. 

Cooling is accomplished with the MS- 15 by conduction, convection and radia- 
tion. Although measuring only 4-l/2" by 3-l/l6", the MS-15 makes possible 
thermal dissipation effectively equal to that of a flat sheet of aluminum 10" by 
8" by l/8". This greatly reduces the chassis area necessary for heat dissipation 
at higher power levels. 

The MS-15 has a hole pattern arrangement which will accommodate the 
mounting of one TO -36 power transistor. Provided with each MS-15 package 
is assorted mounting hardware such as: insulating bushing, mica washer, 
nut, flat washer, solder terminal and insulating washers used in mounting the 
heat sink to the chassis. 

The transistor with use of silicon grease should be mounted directly to the 
MS-15 heat sink with the insulating washers placed at each of the (4) mounting 
points located on the heat sink flange. This is accomplished by placing (1) 
shoulder washer on the bottom and (1) flat washer on top of each mounting point 
of the heat sink. A mica washer is supplied to isolate the transistor from the 
heat sink if desired. 

NOTE: When mounting the transistor to the heat sink a torque of 
20 in. lbs. max should be applied to the stud. 

This heat sink is easy to install and does not interfere with the operation of 
the transistor. For optimum efficiency, the MS-15 should be mounted with the 
fins vertical. 
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MS- 15 (continued) 



Hardware 





Providing cooling by conduction, convection and radi- 
ation, the MS-15 Heat Sink, measuring only 4-1/2" by 
3-1/16", has thermal dissipation equal to that of a 
flat sheet of aluminum 10" x 8" x 1/8". 



4.50 





14-8 



Hardware 



xc63 

7A INTEGRATED CIRCUIT INTERCONNECTION PATCHBOARDS 

xc/2 



Integrated Circuit Interconnection Patchboards, de- 
signed to allow rapid interconnection and evaluation of 
individual integrated circuits or complete logic designs. 
Little or no soldering is required as a result of the ex- 
tensive use of sockets and connectors. 




XC63 XC72 



PATCHBOARD SPECIFICATIONS 



Specification 


XC63 (TO-5 Package) 


XC72 (Flat Package) 


Number of Sockets 


16 


16 


Type of Socket 


10-pin 


14-pin 


Number of Pin Jacks per Socket Pin 


2 


2 


Input/ Output 


22-pin PC edge connector 
or 11 BNC coaxial connectors 


22-pin PC edge connector 
or 11 BNC coaxial connectors 


Power Connection 


2 banana plugs plus 

1 or 3 edge connector pins 


3 banana plugs or 
3 edge connector pins 


Power Distribution 


3 voltages next to 
each socket 


3 voltages next to 
each socket 


Temperature Range 


-65°C to+150°C 


-65°C to +150°C 


Printed Circuit 


1/16" glass epoxy with 
2 oz.gold plated runs 


1/16" glass epoxy with 
2 oz gold plated runs 


Frequency Range 


DC to 50 mc 


DC to 50 mc 


Edge Connector* 


22-pins 


22-pins 



*Fits into Amphenol 143-022-01 connector, which is not included with patchboard. 
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Hardware 

XC63, XC72 (continued) 



HOW TO USE INTERCONNECTION PATCHBOARDS 



The Integrated Circuit Interconnection Patchboards are, in 
effect, "universal chassis" designed to simplify testing of individ- 
ual devices and breadboardingof complete integrated circuit sub- 
systems. Patchboard XC63 is designed for TO-5 integrated circuit 
packages with up to 10 leads, and Patchboard XC72 is designed 
for flat packs with up to 14 leads. 

The boards contain 16 sockets for direct:plug-in of integrated 
circuit packages. Associated with each socket are a number of 
spring-loaded pin jacks which are connected, through printed 
wiring, to the device pins. There are two pin jacks connected to 
each socket pin for greater interconnection flexibility. Intercon- 
nections between circuits are made simply by inserting 22 gauge 
(0.025 inch) solid hook-up wire into the appropriate pin jacks, 
which are designed for high retention capability even after nu- 
merous insertions. 

A series of eleven BNC coaxial connectors, located around 
the periphery of the board provide convenient access points for 
applying input signals and sampling the outputs. Additional com- 
munication to and from the board can be made through 22 pin 
jacks, located on one edge of the board, which are wired to ac- 



commodate an edge-mounted, printed circuit strip connector (n 
supplied). 

Three voltage-distribution planes are provided on each board. 
Two of these, in the form of a copper lamination on each side of 
the board, are accessible to power supply inputs through banana 
jacks mounted on the board. Two pin jacks near each socket loca- 
tion are in contact with the copper (one with each plane) and 
provide a ready means for applying the power supply voltages to 
the various jacks. A third voltage may be distributed from the 
edge-mounted strip connector pin jacks which have printed wir- 
ing runs to a number of additional pin jacks mounted at conven- 
ient locations throughout the board. 

Each of the 16 integrated circuit sockets is lettered to aid in 
correlating logic block diagrams with the patchboard. The pins 
of each socket are numbered as a further aid. The use of these 
boards permits the same integrated circuits to be used repeatedly 
for the evaluation of many commonly used logic configurations 
with a minimum of effort. More complex designs may be studied 
by interconnecting several breadboards. Thus, all designs may 
be evaluated and finalized before the integrated circuits are per- 
manently interconnected in the system. 
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LATE ADDITIONS 



This "Late Additions" section was designed speci- 
fically to include the latest devices manufactured 
prior to the publishing of this book. 
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Lafe Additions 



2N998 
2N999 

2N2646 
2N2647 

2N3053 

2N3823 



MC313F 

MC314 

MC315 

MC358A 

MC364 

MC365 

MC700Pseries 

MC715P 
MC717P 
MC718P 
MC719P 
MC723P 
MC724P 
MC725P 
MC788P 
MC789P 
MC790P 
MC792P 
MC793P 
MC798P 
MC799P 

MC830Pseries 

MC830P 
MC831P 
MC832P 
MC833P 
MC844P 
MC845P 
MC846P 
MC848P 
MC862P 



MCI 525 
MCI 526 



CONTENTS TO LATE ADDITIONS SECTION 

Dual Transistor Darlington Amplifiers 

Unijunction Transistors 

Silicon Switching and Amplifier Transistor 
Field -Effect Transistor 

INTEGRATED CIRCUITS 

Quad 2-Input NOR Gate (MECL) 

AC Coupled J-K Flip- Flop (MECL) 

Line and Capacity Driver (MECL) 

AC Coupled J-K Flip-Flop (MECL) 

AC Coupled J-K Flip-Flop (MECL) 

Line and Capacity Driver (MECL) 

MRTL Plastic 

Dual 3 -Input Gate 
Quad 2 -Input Gate 
Dual 3 -Input Gate 
Dual 4-Input Gate 
J-K Flip-Flop 
Quad 2 -Input Gate 
Dual 4 -Input Gate 
Dual Buffer 
HEX Inverter 
Dual J-K Flip-Flop 
Triple 3 -Input Gate 
Triple 3 -Input Gate 
Dual Buffer 
Dual Buffer 

MDTL Plastic 

Dual 4-Input Gate 
Clocked Flip-Flop 
Dual Buffer 
Gate Expander 
Dual 4-Input Power Gate 
Clocked Flip-Flop 
Quad 2 -Input Gate 
Clocked Flip-Flop 
Triple 3 -Input Gate 

Differential Amplifier 
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MPS3702 
MPS3703 

MPS3704 
MPS3705 
MPS3706 

MPS3826 
MPS3827 

MR2360 



Silicon Amplifier Transistors 
Silicon Amplifier Transistors 

Silicon Amplifier Transistors 
Forward Reference Diode 
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Late Additions 

V CB = 60 - 100 V 
l c = 500 mA 



Darlington amplifiers containing two NPN silicon an- 
nular transistors are designed for applications requiring 
very high gain, low noise, and high input impedance. 

CASE 20 B ' 

(TO-72) 

E 2 



E,B 2 

MAXIMUM RATINGS 



Characteristic 


Symbol 


2N998 


2N999 


Unit 


Collector- Emitter Voltage 


V CE 


60 


60 


Vdc 


Collector-Base Voltage 


V C B 


100 


60 


Vdc 


Emitter-Base Voltage 


V EB 


15 


Vdc 


Collector Current 


*C 


500 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


0.5 
2.86 


Watt 
mW/°C 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


Pd 


1.8 
10.3 


Watts 
mW/°C 


Operating Junction Temperature 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +300 


°C 
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2N 998 
2n999 





Late Additions 

2N998, 2N999 (continued) 



ELECTRICAL CHARACTERISTICS <t a = 25*C unltss othirwiM nottd) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
(1q = 30 mAdc, 1 B = 0) 


BV CEO(sus)* 


60 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 100 /iAdc, Ie = °) 


2N998 
2N999 


BVCBO 


100 
60 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 /iAdc, I c = 0) 


BV EBO 


15 




Vdc 


Collector Cutoff Current 
(V CB = 90 Vdc, I E = 0) 


2N998 


^BO 




0.01 


/iAdc 


(V CB = 90 Vdc, I E = 0, T A = 150°C) 


2N998 






15 




(V CB = 60 Vdc, I £ = 0) 


2N999 






0.01 




(V CB = 60 Vdc, I E = 0, T A = 150°C) 


2N999 






10 




Emitter Cutoff Current 
(V B£ = 10 Vdc, I c = 0) 


! EBO 




0.01 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain* 
(Ic = 1 mAdc, V CE = 5 Vdc) 


2N998 


h FE* 


800 






(IC = 10 mAdc, V CE = 5 Vdc) 


2N998 




1,600 


8,000 




(I c = 100 mAdc, V CE = 5 Vdc) 


2N998 




2,000 






(Ic = 0.1 mAdc, V CE = 10 Vdc) 


2N999 




1,000 






(Ic = 10 mAdc, V CE = 10 Vdc) 


2N999 




4,000 






(I c = 100 mAdc, V CE = 10 Vdc) 


2N999 




7,000 


70,000 




(Ic = 100 mAdc, V CE = 10 Vdc, T A = -55°C) 


2N999 




1,000 






(IC = 10 mAdc, Vc E = 5 Vdc, measured 
across each transistor within the device) 


2N998 




25 






(I c = 10 mAdc, V CE = 10 Vdc, measured 
across each transistor within the device) 


2N999 




25 






DYNAMIC CHARACTERISTICS 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 140 kHz) 


2N998 
2N999 


C ob 




30 
20 


pF 


Input Capacitance 
(VBE = °- 5 vdc » Ic = °. f = 140 kHz) 


2N998 
2N999 


C ib 




50 
10 


pF 


Small-Signal Current Gain 
(Ic = 1 mAdc, V CE = 5 Vdc, f = 1 kHz) 


2N998 


h fe 


1,000 






Noise Figure** 
(I c = 0.1 mAdc, V CE = 10 Vdc, R g = 5 kilohms, 
f = 1 kHz, Bandwidth = 200 Hz) 


2N998 


NF** 




6 


dB 



•Pulse Test: Pulse Width = 300 /is, Duty Cycle = 1% 
•♦Measured with constant current supply of 20 /iAdc connected to the emitter of the input transistor. (See Figure 1) 



FIGURE 1 - NOISE FIGURE TEST CIRCUIT 
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Late Additions 



2N 2646 
2n2647 



V BB = 35 V 

l E = 50 mA RMS 




Silicon annular unijunction transistors for oscillators, 
timing circuits, pulse generators, bistable circuits, 
sensing circuits and SCR triggering. 



MAXIMUM RATINGS (At25°C) 



Characteristic 


Rating 


Unit 


RMS Power Dissipation* 


300 


mW 


RMS Emitter Current 


50 


mA 


Peak Emitter Current 


2 


Amps 


Emitter Reverse Voltage 


30 


Volts 


Interbase Voltage 


35 


Volts 


Operating Junction Temp. 
Range 


-65 to 125 


OC 


Storage Temperature Range 


-65 to 150 


°C 



*Derate 3 mW/°C ambient temperature increase 
ELECTRICAL CHARACTERISTICS (atT A = 25°C) 



Device 


2N2646 


2N2647 


Parameter 


Minimum 


Typical 


Maximum 


Minimum 


Typical 


Maximum 


Units 




0.56 




0. 75 


0. 68 




0.82 




R BBO 


4.7 


7 


9.1 


4.7 


7 


9.1 . 




aR BBO* 


0.1 




0.9 


0.1 




0.9 


%/°c 


v , ** 
V E(sat) 




3.5 






3.5 




Volts 


^(mod) 




15 






15 




mA 






0.005 


12 




0. 005 


0.2 


M 


T ** 
A P 




1 


5 




1 


2 


M 


I 

V 


4 


6 




8 


10 


18 


mA 


v 

oBl 


3 


5.5 




6 


8 




Volts 
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— Late Additions 
2N2646, 2N2647 (continued) 



Definitions and Conditions 



Symbol 
»7(Eta) 



BBO 
a RBBO 



Intrinsic Standoff Ratio (V BB =10V, V = 
V FEB1 = Junction Diode Drop (App. 0.5 V) 



Interbase Resistance Temperature Coefficient (V T3n =3V; 1^=0; 
T . = -55°C to +125°C) BB ** 



V E(sat) 
[ B2(mod) 
l EO 
l P 



I 



Modulated Interbase Current (V BB =10V, I E =50mA) 
Emitter Reverse Current (V B2E = 30 V, 0) 



Valley Point Current (V fiB =20V, R, 



LW B2 



Bl 



lOOfi) 



V qB1 Base 1 Peak Pulse Voltage ( See Fig. 3) 

* Suggested nominal temperature compensating resistor (Rb2) for unijunction 
only over ambient temperature range of -55°C to + 125°C in circuit similar 
to Figure 3 is approximately 330 ohms for the 2N2646 and 560 ohms for the 
2N2647. 

*When testing for Emitter Saturation Voltage [Vg( sa tj] and Valley Point 
Current (I v ) a duty cycle of 10% or more may cause internal heating due to 
interbase modulation resulting in erroneous readings. 
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■ Late Additions - 



2N3053 (SIUCON, Z^7£l 

P D = 5W 



NPN silicon annular transistor designed for medium- 
current switching and amplifier applications. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Collector- Emitter Voltage 


V CEO 


40 


Vdc 


Collector-Base Voltage 


V CB 


60 


Vdc 


Emitter-Base Voltage 


V EB 


5 


Vdc 


Collector Current-Continuous 


*c 


700 


mAdc 


Total Device Dissipation @ T c = 25°C 
Derate above 25°C 


*D 


5 

28.6 


Watts 
mW/°C 


Operating Junction Temperature Range 


T J 


200 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°C 



ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I c = 100 jiAdc, I E = 0) 


BV CEO 


40 




Vdc 


Collector-Emitter Breakdown Voltage 
(1q = 100 mAdc, R BE = 10 ohms) 


BV CER 


50 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 100 jiAdc, I E = 0) 


BV CBO 


60 




Vdc 


Emitter-Base Breakdown Voltage 
(I E = 100 /xAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CE = 60 Vdc, V EB{o£f> = 1.5 Vdc) 






0.25 


/iAdc 


Base Cutoff Current 
(V CE = 60 Vdc, V EB(off) = 1.5 Vdc) 


Jbl 




0:25 


/xAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 150 mAdc, V CE = 2.5 Vdc) 

(I c =150 mAdc, V CE = 10 Vdc)* 


h FE 


25 
50 


250 




Collector- Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 


V CE(sat) 




1.4 


Vdc 


Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 


V BE(sat) 






Vdc 


Base-Emitter On Voltage 
(Ic = 150 mAdc, V CE = 2.5 Vdc) 


V BE(on) 




1.7 


Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 

(I c - 50 mAdc, V CE = 10 Vdc, f - 20 MHz) 


f T 


100 




MHz 


Output Capacitance 
(VCB = 10 Vdc ' *E = °» f = 140 1sHz ^ 






15 


pF 


Input Capacitance 
(V BE = 0.5 Vdc, I c = 0, f = 140 kHz) 






80 


pF 



*Pulse Test: Pulse Width = 300 /is, Duty Cycle = 2% 
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Late Additions 



2N3823 (SILICON) 




V DS = 30V 
l D = 10 mA 
P D = 300 mW 



Silicon N-channel junction field-effect transistor de- 
signed for VHF amplifier and mixer applications. Drain 
and source may be interchanged. 



CASE 20 

(TO-72) 



Characteristic 


Symbol 


Rating 


Unit 


Drain -Source Voltage 


V DS 


30 


Vdc 


Drain -Gate Voltage 


V DG 


30 


Vdc 


Gate -Source Voltage 


V GS 


-30 


Vdc 


Gate Current 


J D 


10 


mAdc 


Power Dissipation 
Derate above 25° C 


P D 


300 
2 


mW 
mW/°C 


Operating Junction Temperature 


T J 


175 


°C 


Storage Temperature Range 


T stg 


-65 to +200 


°c 



ELECTRICAL CHARACTERISTICS ^ = 25-c unless others noted, 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G = -1 M Adc, Vds = 0) 


V (BR)GSS 


-30 




Vdc 


Gate Reverse Current 

(V GS = -20 Vdc, V DS = 0) 

(V GS = -20 Vdc, V Dg = 0, T A = 150°C) 


r GSS 




-0. 50 
-500 


nAdc 


Gate -Source Cutoff Voltage 

(Iq = 0. 50 nAdc, = 15 Vdc) 


V GS(off) 




-8 


Vdc 


Gate-Source Voltage 

(I D = 0. 4 mAdc, V^ = 15 Vdc) 


V GS 


-1.0 


-7.5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate -Voltage Drain Current* 
(V DS =15Vdc, V GS =0) 


r DSS* 


4 


20 


mAdc 


DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance 
(V DS = 15 Vdc, V Gg = 0, f - 1 kHz)* 

(V DS = 15 Vdc ' V GS = °» f = 200 MHz) 


m* 


3500 
3200 


6500 


fimhos 


Input Conductance 

(V Dg = 15 Vdc, V Gg = 0, f = 200 MHz) 


Re(y ls ) 




800 


/imhos 


Output Conductance 

(V Dg = 15 Vdc, V Gg = 0, f = 1 kHz)* 

(y Dg = 15 Vdc, V GS = 0, f = 200 MHz) 


Re <y os > 




35 
200 


jumhos 


Input Capacitance 

(V DS = 15 Vdc, V Gg = 0, f = 1 MHz) 


c. 

1SS 




6 


pF 


Reverse Transfer Capacitance 

(V Dg = 15 Vdc, V Gg = 0, f = 1 MHz) 


C 

rss 




2 


P F 


Common-Source Spot Noise Figure 

(V DS - 15 Vdc, V QS = 0, R g = 1000 ohms, f = 100 MHz) 


NF 




2.5 


dB 



♦Pulse Test: Pulse Width = 100 ms, Duty Cycle % 10% 
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■ Late Additions - 



mc313F 

Quad 2-lnput NOR Gate 



MECL 




CASE 83 



The MC313F is a monolithic Integrated Circuit Emitter 
Coupled Logic (MECL) Quad 2-Input Gate element. This 
gate element provides the positive logic "NOR" function. 
A bias driver is "built-in" to the circuit, eliminating the 
necessity for any external biasing. 

The MC313F is available in the TO-86 1/4" x 1/4" 
14 lead flat pack in the full military temperature range 
of -55° to +125°C. 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Logic Input Voltage (Pins 1, 6, 7, 9, 10, 11, 12 & 14) 




5 


Volts 


Power Supply Voltage 




10 


Volts 


Operating Temperature Range 




-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



13 



FIGURE 1 — CIRCUIT SCHEMATIC 

4 0V r 
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Laie Additions 



MC313F (continued) 

ELECTRICAL CHARACTERISTICS (@ 25°C) 

if 

V EE = ~ 5 ' 2 Vdc ± V CC = 0 Vdc A11 unused inputs are returned to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 2) 


Logical "1" Output Voltage 
( y in = -1-35 Vdc each input) 


v l 


0.690 


0.795 


Vdc 


Logical "0" Output Voltage 
( y in = "°- 795 Vdc eacn in P ut ) 


v 4 


1.465 


1.750 


Vdc 


Saturation Breakpoint Voltage 
(dv(NOR)/dV in = 0) 


v 3 




0.55 


Vdc 


Output Voltage Change (no load to full load) 
No load = 0 ma 
Full load = -2.5 ma 


AVj 




0.055 


Vdc 


Total Unit Power Supply Current Drain 


*E 


23 


30 


mAdc 


Input Current 
(V x = -0.690 Vdc each input) 


hn 




100 


AtAdc 


Fan Out 


n 




25 




Switching Characteristics (Figure 3) 
Fan Out = 1 
Fan Out = 1 
Fan Out = 1 
Fan Out = 1 


t t d2 

L r 
tf 


1 1 1 1 


11.0 
13.5 
12.0 
14.0 


ns 
ns 
ns 
ns 


ELECTRICAL CHARACTERISTICS (@ -55°C) 

DC Characteristics (Figure 2) (V EE = -5.2 Vdc tl%, V cc = 0) All unused inputs connected to V E£ 


Logical "1" Output Voltage 
(V^ n = -1.45 Vdc each input) 


Vl 


0.825 


0.945 


Vdc 


Logical "0" Output Voltage 
( v in = -0-945 Vdc each input) 


V 4 


1.560 


1.850 


Vdc 


Saturation Breakpoint Voltage 
(dv(NOR)/dV in = 0) 


v 3 




0.40 


Vdc 


Output Voltage Change (no load to full load) 
No load = 0 mA, Full load =2.5 mA 


av x 




0.055 


Vdc 


ELECTRICAL CHARACTERISTICS (@ 125°C) 

DC Characteristics (Figure 2) (V EE = -5.2 Vdc +1%, Vcc = °) A11 unused inputs connected to V EE 


Logical "1" Output Voltage 
(V^ = -1.30 Vdc each input) 


Vi 


0.525 


0.655 


Vdc 


Logical "0" Output Voltage 
(V in = -0.655 Vdc each input) 


v 4 


1.340 


1.675 


Vdc 


Saturation Breakpoint Voltage 
(dv(NOR)/dV in = 0) 


v 3 




0.68 


Vdc 


Output Voltage Change (no load to full load) 
No load = 0 mA - Full load = -2.5 mA 






0.060 


Vdc 
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Late Additions 



MC313F (continued) 




FIGURE 3 — SWITCHING TEST CIRCUIT and WAVEFORMS 



2N709 



e. o- 



ilr 



(max) 




to Tektronix 567 
* scope or equiva- 



-5.2V 



e. (max) Temp. 
-.800V +Zt) U 

n = number of fan outs 



Waveform at input 
of gate under test 



C = (n+12) pf 



e (nor) 




{\ td 2 L 



50% 50% v 
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Late Additions 



mc314 

AC Coupled MECL J-K Flip-Flop 




SUFFIX "G" DEVICES 
CASE 71 




SUFFIX "F" DEVICES 
CASE 72 



The MC314 is a J-K Flip Flop in the MECL series of 
monolithic Integrated Circuits designed for use in high 
speed digital computer systems. It is designed to operate 
reliably across the full military temperature range of 
-55° to +125°C at clock frequencies of 30Mhz>The 
MC314 contains logic performing inputs (J andK) as well 
as DC set and reset inputs. 

It is electrically interchangeable with the MC308 when 
clock frequencies higher than the MC308's capabilities 
are required. 



MAXIMUM RATINGS (@ 25°C) 



Characteristic 


Symbol 


Max 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Operating Temperature Range 


- T A 


-55 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 
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Late Additions 

MC314 (continued) 



ELECTRICAL CHARACTERISTICS (@ 25'C) 



(V^E = ""5.2 Vdc - V CC = ^) A ^ unused inputs connected to V^g 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 1) 


"Q" logical "1" Output Voltage 


Vl 


0.690 


0.795 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.465 


1.750 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.65 


Vdc 


"Q" logical "1" Output Voltage 


Vl 


0.690 


0.795 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.465 


1.750 


Vdc 


"Q" Saturation Breakpoint Voltage 
"Q" and "Q'^V^dV^ 03 


V 3 




0.65 


Vdc 


Latch Voltage 


v L 


1.09 


1.21 


Vdc 


Total Unit Current Drain 






28.5 


mAdc 


Loading Characteristics 


"Q" Output Voltage Change 

Between No Load (Ig = 0) & 

Full Load Conditions (I5 = -2.5 mA) 






0.055 


Vdc 


"Q" Output Voltage Change 

Between No Load (I4 = 0) & 

Full Load Conditions (I4 = -2.5 mA) 






0.055 


Vdc 


Switching Characteristics (See Figure 2) 


Propagation Delay Time (Both Outputs) 


[dr 




16.0 
16.0 


ns 
ns 


Rise Time (Both Outputs) 


*r 




16.0 


ns 


Fall Time (Both Outputs) 


tf 




16.0 


ns 


Clock Noise Insensitivity 
(Unit must not toggle, See Fig. 3) 


C V1 


300 




mV 


Clock Amplitude 
(Unit must toggle, See Figure 4) 


C V2 


550 




mV 


Maximum Effective Clock Rise Time 






50 


ns 


Toggle Frequency 


f T 


30 




MHz 
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Late Additions 



MC314 (continued) 

ELECTRICAL CHARACTERISTICS (@-55°C) 

V EE = -5.2 Vdc -1%, Vq C = 0) All unused inputs connected to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 1) 


"Q" logical "1" Output Voltage 


v i 


0.825 


0.945 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.595 


1.850 


Vdc 


"Q" Saturation Breakpoint Voltage 


v 3 




0.50 


Vdc 


"Q" logical "1" Output Voltage 


V l 


0.825 


0.945 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.595 


1.850 


Vdc 


"Q" Saturation Breakpoint Voltage 
"Q" and "Q" dV^dV^ « 00 


V 3 




0.50 


Vdc 


Latch Voltage 


V L 


1.16 


1.34 


Vdc 


Loading Characteristics 


"Q" Output Voltage Change 

Between No Load (I 5 = 0) & 

Full Load Conditions (I5 = -2.5 mA) 


AV L 




0.055 


Vdc 


"Q" Output Voltage Change 

Between No Load (I 4 = 0) & 

Full Load Conditions (I 4 = -2.5 mA) 






0.055 


Vdc 


ELECTRICAL CHARACTERISTICS (@ 125°C) 

DC Characteristics (Figure 1) (V EE = -5.2 Vdc 1 1%, Vq C = 0) All unused inputs connected to V EE 


"Q" logical "1" Output Voltage 


V l 


0.525 


0.655 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.340 


1.675 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.75 


Vdc 


"Q" logical "1". Output Voltage 


Vl 


0.525 


0.655 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.345 


1.675 


Vdc 


"Q" Saturation Breakpoint Voltage 
"Q" and "Q" dV^dV^ « 00 


V 3 




0.75 


Vdc 


Latch Voltage 


V L 


0.93 


1.07 


Vdc 


Loading Characteristics 


"Q" Output Voltage Change 
Between No Load (Ig = 0) & 
Full Load Conditions (I5 = -2.5 mA) 


AV 1 




0.060 


Vdc 


Output Voltage Change 
Between No Load (I 4 = 0) & 
Full Load Conditions (I4 = -2.5 mA) 






0.060 


Vdc 
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Late Additions 



MC314 (continued) 



FIGURE 1 — TRANSFER CHARACTERISTICS 



, S* 

-25 cps OV _JT v q 



-3V 



R 




♦For "Q" test reverse S & R connections 



e. -1.350V 
in 






V 


> \ 
i 

2 U — v L — 


i 
i 





FIGURE 2 — SWITCHING TEST CIRCUIT and WAVEFORMS 




^ MC306^ 



To Tektronix 567 scope 
or equivalent 
-O 



Stray Capacitance 
« 12pf 

j-5. 2V (including probe) 

Waveform into MC314 
VH • 



~J MC30^^ 



e. n (Max) @ 



e. (Max) 



Either 1 0% - 

Output 

Either 



Output 90% 



,|/90% 



PW > 20nS 



50% 



10% 
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■ Late Additions - 



MC314 (continued) 



Ramp 
Gen 



FIGURE 3 — NOISE INSENSITIVITY 

(Unit must not toggle) 

To Channel "A" of Tektronix 
567 Scope or Equivalent 




Either Output to 
Channel "B" of Tektronix 
567 Scope or Equivalent 



Ramp 
Pulse 



> 500 ns - 



10. 5 t 0. 5 ns 
t 



"90%, 
-10% 



'vl 



-1.465 V t 30 mV 



> 200 ns 



Reset Pulse 



> 500 ns - 



\ 



10% 



-1.550V ±40 mV 



800 mV i 
20 mV 



FIGURE 4 — CLOCK AMPLITUDE 

(Unit must toggle) 



19.5 ± 0.5 ns 




To Channel "A" of Tektronix 567 
Scope or Equivalent 



-*|>5.00nsi|*— ±30m'V 




-5.2V -5.2V 



Either Output to Channel "B" of 
Tektronix 567 Scope or Equivalent 
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Late Additions - 

MC315 MECL 
Line and Capacity Driver 




SUFFIX "G" DEVICES 
CASE 71 




The MC315 was designed to drive lines from 50 to 200 
ohms. The circuit can also be used as a clock driver and 
is the same as the MC306 gate except for the output stage. 
The logic is a 3 input OR, NOR circuit with both out- 
puts available simultaneously. 

The circuit is capable of driving up to 25 gate loads 
while terminated with 50 £1, and can drive 1000 pF with 
a typical propagation delay of 20 ns. 



SUFFIX "F" DEVICES 

CASE 72 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Max 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Operating Temperature Range 


T A 


-55 to +125 


°C 


Storage Temperature 


T stg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS (at25°C) 

V CC = °» V EE = " 5 * 2 Vdc ±1% > V BB = 15 Vdc Au unused inputs connected to V, 



Test 


Conditions 


Symbol 


Min 


Max 


Unit 


"NOR" Logical "1" 
Output Voltage 


V in = -1.35 Vdc 
each input 
R5 = 50 


v i 


-0. 670 


-0.795 


Vdc 


"OR" Logical "0" 
Output Voltage 


V in = -1.35 Vdc 
each input 
R 4 = 50 n 


V 2 


-1.450 


-1.750 


Vdc 


"NOR" Logical "0" 
Output Voltage 


V m = -0.795 Vdc 
each input 
^5 = 50 SI 


V 4 


-1.450 


-1.750 


Vdc 


"OR" Logical "1" 
Output Voltage 


V in = -0.795 Vdc 
each input 
R4 = 50 O 


V 5 


-0.670 


-0.795 


Vdc 


Max Input Current 


V in = -0.690 Vdc 

each input 

Vi = -1.15 Vdc 


X 6, 7, 8 




100 


//Adc 


Total Unit Current 
Drain 


With 50 ohm load 
to ground, from 
Pins 4 & 5 


h 




65 


mAdc 
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Late Additions 



MC315 (continued) 



ELECTRICAL CHARACTERISTICS 

Switching Characteristics: V cc = 0, V EE = -5. 2 Vdc ±1%, Vg B = -1. 15 Vdc ±1% 
V R = -0. 75 Vdc, V L = -1. 55 Vdc, Fan In = 1 



Test 


Conditions 


Symbol 


Typ 


Max 


Unit 


Propagation Delay 


"NOR" Output 


R T = 50 ft 
C T = 500 pf 

(see Fig. 3) 


tdl 


14 


30 


ns 


"OR" Output 




4 dl 


16 


35 


ns 


"NOR" Output 




fc dl 


17 


35 


ns 


"OR" Output 




fc dl 


14 


30 


ns 


Rise Time 


"NOR" Output 




*r 


20 


37 


ns 


"OR" Output 




*r 


16 


35 


ns 


Fall Time 


"NOR" Output 




tf 


20 


37 


ns. 


"OR" Output 






19 


37 


ns 



FIGURE 1 — CIRCUIT SCHEMATIC, MECL LINE DRIVER 
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Late Additions 



MC315 (continued) 




FIGURE 3 — SWITCHING TIME TEST CIRCUIT and WAVEFORMS (NOR & OR) 



To sampling 
scope (t r < 0. 4 ns) 




1 

TCt (The stray ca- 
pacitance intro- 
duced by scope 

"~ probe and test fix- 
ture, C q = 12 pf). 



e in(max) at25 C 



= -0.800 V 




OR Output under test. 
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Late Additions 



MC31 5 (continued) 



TYPICAL SWITCHING CHARACTERISTICS 
FIGURE 4 — "OR" OUTPUT FIGURE 5 — "NOR" OUTPUT 




Fanout Fanout 



Typical Switching Characteristics with 
Fanout Loading, R„ = 50 , C = 0 pF 
(See Fig. 3) 



FIGURE 6 — "OR" OUTPUT FIGURE 7 — "NOR" OUTPUT 




0 250 500 750 1000 0 250 500 750 1000 

C T , Capacitance Loading (pf) C T , Capacitance Loading (pf) 



Typical Switching Characteristics 
with R T = 50 ft loading 
(See Fig. 3) 
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• Late Additions • 



mc358A 

AC Coupled MECL J-K Flip-Flop 




SUFFIX "G" DEVICES 
CASE 71 



The MC358A is a J-K Flip-Flop in the MECL series 
of monolithic Integrated Circuits designed for use in high 
speed digital computer systems. It is designed to oper- 
ate reliably across the limited temperature range of 0 to 
+75°C. The MC358A contains logic performing inputs 
(J and K) as well as DC set and reset inputs. 

It is electrically interchangeable with the MC358. 



SUFFIX "F" DEVICES 

CASE 72 

TO-91 



MAXIMUM RATINGS (@ 25°C) 



Characteristic 


Symbol 


Max 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Operating Temperature Range 


T A 


0 to +75 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



3 2 



10 



-O 4 



S R 

77 
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Lafe Additions — 



MC358A (continued) 



ELECTRICAL CHARACTERISTICS (@ 25°C) 

( V EE = " 5 - 2 Vdc - *%> V CC = °) M] - unused inputs connected to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 2) 


"Q" logical "1" Output Voltage 


Vl 


0.670 


0.795 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.465 


1.750 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.65 


Vdc 


"Q" logical "1" Output Voltage 


v l 


0.670 


0.795 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.465 


1.750 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.65 


Vdc 


"Q" and "Cy'dV^/dV^a 03 










Latch Voltage 


v L 


1.09 


1.21 


Vdc 


Total Unit Current Drain 






16 


mAdc 


Loading Characteristics 


"Q" Output Voltage Change 






0.065 


Vdc 


Between No Load (I g = 0) & 










Full Load Conditions (Ig = -2.5 mA) 










"Q~" Output Voltage Change 






0.065 


Vdc 


Between No Load (I 4 = 0) & 










Full Load Conditions (I4 = -2.5 mA) 










Switching Characteristics (See Figure 1) 


Propagation Delay Time (Both Outputs) 


V 

*df 




15.0 
16.0 


ns 
ns 


Rise Time (Both Outputs) 


t r 




16.0 


ns 


Fall Time (Both Outputs) 


tf 




16.0 


ns 


Clock Noise Insensitivity 
(Unit must not toggle, See Fig. 3) 


C V1 


250 




mV 


Clock Amplitude 
(Unit must toggle, See Figure 4) 


C V2 


590 




mV 
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Late Additions 



MC358A (continued) 

ELECTRICAL CHARACTERISTICS (@ 0°C> 

V EE = ~ 5,2 Vdc -1%, V cc = 0) All unused-inputs connected to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 2) 


"Q" logical "1" Output Voltage 


v l 


0.715 


0.850 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.510 


1.800 


Vdc 


"Q" Saturation Breakpoint Voltage 


v 3 




0.61 


Vdc 


"Q" logical "1" Output Voltage 


V l 


0.715 


0.850 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.510 


1.800 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.61 


Vdc 


"Q" and "Q" dVi/dV^ 00 










Latch Voltage 


V L 


1.11 


1.25 


Vdc 


Loading Characteristics 


"Q" Output Voltage Change 


AV X 




0.065 


Vdc 


Between No Load (I 5 = 0) & 










Full Load Conditions (I 5 = -2.5 mA) 










"Q" Output Voltage Change 
Between No Load (I 4 = 0) & 






0.065 


Vdc 


Full Load Conditions tf 4 = -2.5 mA) 











ELECTRICAL CHARACTERISTICS (@ 75°C) 

(V EE = -5.2 Vdc tl%, V cc = 0) All unused inputs connected to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 2) 


"Q" logical "1" Output Voltage 


v l 


0.580 


0.725 


Vdc 


"Q" logical "0" Output Voltage 


v 2 


1.395 


1.730 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.73 


Vdc 


"Q" logical "I" Output Voltage 


Vl 


0.580 


0.725 


Vdc 


' 'Q' ' logical "0 " Output Voltage 


V 2 


1.395 


1.730 


Vdc 


"Q" Saturation Breakpoint Voltage 
"Q" and "Q" dV^dV^ °° 


V 3 




0.73 


Vdc 


Latch Voltage 


V L 


1.02 


1.14 


Vdc 
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Late Additions 

MC358A (continued) 



ELECTRICAL CHARACTERISTICS (@ 75°C) (continued) 



Characteristic^ 


Symbol 


Min 


Max 


Unit 


"Q" Output Voltage Change 
Between No Load (I 5 = 0) & 
Full Load Conditions (I 5 = 02.5 mA) 


AV 1 




0.075 


Vdc 


"Q" Output Voltage Change 
Between No Load (I 4 = 0) & 
Full Load Conditions (I4 = -2.5 mA) 


AV, 




0.075 


Vdc 



FIGURE 1 — SWITCHING TEST CIRCUIT & WAVEFORMS 
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Late Additions 



MC358A (continued) 



FIGURE 2 — TRANSFER CHARACTERISTICS 



-3V 



e. -1.350V 
in 


v i , 






U v L 




k- v s- 



, s* 

-25 cps OV _JT X q 



Tv R 

BB 



Unit 

Under 

Test 



\ 

\ 

--My 



x 

X-Y 
Scope 



-2 Vdc *For "Q" test reverse S & R connections 



Ramp 
Gen 



FIGURE 3 — NOISE INSENSITIVITY 

(Unit must not toggle) 

To Channel "A" of Tektronix 
567 Scope or Equivalent 





MC356 



Either Output to 
Channel "B" of Tektronix 
567 Scope or Equivalent 



> 500 ns 



Reset Pulse 



> 500 ns 



1.550V ±40 mV 
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Lafe Additions 



MC358A (continued) 



19.5 ± 0.5 ns 



FIGURE 4 — CLOCK AMPLITUDE 

(Unit must toggle) 

To Channel "A" of Tektronix 567 
Scope or Equivalent 



't 



Ramp 
Gen 

C °" 
v2 



465V 50 



10% * u 



-*|>500ns|*— ±30mV 




J 






Test 




Unit 


K 





i — ^ MC35^^ 



-5.2V -5.2V 



Either Output to Channel "B" of 
Tektronix 567 Scope or Equivalent 



FIGURE 5 — CIRCUIT SCHEMATIC 
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Late Additions 



mc364 

AC Coupled MECL J-K Flip-Flop 



The MC364 is a J-K Flip Flop in the MECL series of 
monolithic Integrated Circuits designed for use in high 
speed digital computer systems. It is designed to oper- 
ate reliably across the limited temperature range of 
0 to +75°C at clock frequencies of 30 MHz. The MC364 
CASE 71 contains logic performing inputs (J and K) as well as 

suffix "G" devices DC set and reset inputs. 

It is electrically interchangeable with MC358A when 
clock, frequencies higher than the MC358A's capabilities 
are required. 

CASE 72 

SUFFIX "F" DEVICES 





MAXIMUM RATINGS (@ 25°C) 



Characteristic 


Symbol 


Max 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Operating Temperature Range 




0 to +75 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



CIRCUIT SCHEMATIC 
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Late Additions 



MC364 (continued) 

ELECTRICAL CHARACTERISTICS (@ 25°C) 

(V EE = -5.2 Vdc t 1%, V cc = 0) All unused inputs connected to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 1) 


"Q" logical "1" Output Voltage 


Vl 


0.670 


0.795 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.465 


1.750 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.65 


Vdc 


"Q" logical "I" Output Voltage 


v l 


0.670 


0.795 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.465 


1.750 


Vdc 


"Q" Saturation Breakpoint Voltage 
"Q" and "Cp'dV^dV^ 00 


V 3 




0.65 


Vdc 


Latch Voltage 


V L 


1.09 


1.21 


Vdc 


Total Unit Current Drain 






28.5 


mAdc 


Loading Characteristics 


"Q" Output Voltage Change 
Between No Load (I 5 = 0) & 
Full Load Conditions (I g = -2.5 mA) 






0.065 


Vdc 


"Q" Output Voltage Change 
Between No Load (I 4 = 0) & 
Full Load Conditions (I4 = -2.5 mA) 


* V 1 




0.065 


Vdc 


Switching Characteristics (See Figure 2) 


Propagation Delay Time (Both Outputs) 


w 
4 df 




18.0 
18.0 


ns 
ns 


Rise Time (Both Outputs) 






19.0 


ns 


Fall Time (Both Outputs) 


tf 




19.0 


ns 


Clock Noise Insensitivity 
(Unit must not toggle, See Fig. 3) 


C vl 


250 




mV 


Clock Amplitude 
(Unit must toggle, See Fig. 4) 


C V 2 


590 




mV 


Maximum Effective Clock Rise Time 


trC 




50 


ns 


Toggle Frequency 


f T 


30 




MHz 
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Late Additions 



MC364 (continued) 

ELECTRICAL CHARACTERISTICS (@ 0°C) 



(V EE = -5.2 Vdc -1%, V cc = 0) All unused inputs connected to V EE 



Characteristic 


Symbol 


Min 


Max 


Unit 


DC Characteristics (Figure 1) 


"Q" logical "I" Output Voltage 


v l 


0.715 


0.850 


Vdc 


"Q" logical "0" Output Voltage 




1.510 


1.800 


Vdc 


"Q" Saturation Breakpoint Voltage 






0.61 


Vdc 


"Q" logical "1" Output Voltage 


v l 


0.715 


0.850 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.510 


1.800 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.61 


Vdc 


"Q" and "Q" dV^dV^ « 00 










Latch Voltage 


V L 


1.11 


1.25 


Vdc 


Loading Characteristics 


"Q" Output Voltage Change 


AV X 




0.065 


Vdc 


Between No Load (I 5 = 0) & 










Full Load Conditions (I g = -2.5 mA) 










"Q" Output Voltage Change 
Between No Load (I 4 = 0) & 


/JV X 




0.065 


Vdc 


Full Load Conditions (I 4 = -2.5 mA) 










ELECTRICAL CHARACTERISTICS (@ 75«C) 

DC Characteristics (Figure 1) (V EE = -5.2 Vdc tl%, V cc - 


= 0) All unused inputs connected to V EE 


"Q" logical "I" Output Voltage 


V l 


0.580 


0.725 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.395 


1.730 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.73 


Vdc 


"Q" logical "V Output Voltage 


v l 


0.580 


0.725 


Vdc 


"Q" logical "0" Output Voltage 


V 2 


1.395 


1.730 


Vdc 


"Q" Saturation Breakpoint Voltage 


V 3 




0.73 


Vdc 


"Q" and "Q" dVj/dV^ « 00 










Latch Voltage 


V L 


1.02 


1.14 


Vdc 


Loading Characteristics 


"Q" Output Voltage Change 






0.075 


Vdc 


Between No Load (I 5 = 0) & 










Full Load Conditions (I 5 = -2.5 mA) 










"Q" Output Voltage Change 






0.075 


Vdc 


Between No Load (I 4 = 0) & 










Full Load Conditions (I 4 = -2.5 mA) 
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■ Late Additions - 



MC364 (continued) 



FIGURE 1 — TRANSFER CHARACTERISTICS 



-25 cps OV _Jv >v q 



-3V 




Tv R 

BB 



-2 Vdc *For "Q" test reverse S & R connections 



e. -1.350V 









V 


2 U V L ~ 





FIGURE 2 — SWITCHING TEST CIRCUIT and WAVEFORMS 




MC356^^ 



To Tektronix 567 scope 
or equivalent 
-O 



Stray Capacitance 
« 12pf 

-5. 2V (including probe) 

Waveform into MC364 
VH ■ 



VIA 



~^ M C356^^ 



e. (Max) @ 



r 



10%, 



Either 

Output 

Either 



Output 90% 



90% 
50% 

< — PW 



e. (Max) 



I / 9095 



PW > 20nS 



50% 



10% 
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Late Additions 



MC364 (continued) 



Ramp 
Gen 



FIGURE 3 — NOISE INSENSITIVITY 

(Unit must not toggle) 

To Channel "A" of Tektronix 
567 Scope or Equivalent 




Either Output to 
Channel "B" of Tektronix 
567 Scope or Equivalent 



Ramp 
Pulse 



> 500 ns - 



10.5 t 0. 5 ns 





t 

r 








*-90% 


C 

\ 








1. J 










>200 ns 












l d. — 













-1.465 V t 30 mV 



Reset Pulse 



ilse \ 
0 nS \ 



> 500 ns - 



±-4 



-1. 550V ±40 mV 



800 mV + 
20 mV 



FIGURE 4 — CLOCK AMPLITUDE 

(Unit must toggle) 



To Channel "A" of Tektronix 567 
„ „ Scope or Equivalent 

± 0.5 ns H * 




-5.2V -5.2V Tektronix 567 Scope or Equivalent 



15-32 



Late Additions 



mc365 

Line and Capacity Driver 



MECL 



CASE 71 

SUFFIX "G" DEVICES 




CASE 72 

SUFFIX "F" DEVICES 

MAXIMUM RATINGS 



The MC365was designed to drive lines from 50 to 200 
ohms. The circuit can also be used as a clock driver and 
is the same as the MC356 gate except for the output stage. 
The logic is a 3 input OR, NOR circuit with both out- 
puts available simultaneously. 

The circuit is capable of driving up to 25 gate loads 
while terminated with 50 ft and can drive 1000 pF with a 
typical propagation delay of 20 ns. 



Characteristic 


Symbol 


Max 


Unit 


Logic Input Voltage 




5 


Vdc 


Power Supply Voltage 




10 


Vdc 


Output Source Current 




10 


mAdc 


Operating Temperature Range 


T A 


0 to +75 


°C 


Storage Temperature 


T stg 


-55 to +150 


°C 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT and WAVEFORMS (NOR & OR) 




To additional 
fanout 

To sampling 
scope (t r ^0.4 ns) 



J MC35^ 



c T (The stray ca- 

Tpacitance intro- 
duced by scope 
"=" probe and test fix- 
ture, C g = 12 pf). 



in(max) at 25 C = -0. 800V 



NOR Output e (NOR) 




OR Output under test. 
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Late Additions 



MC365 (continued) 



ELECTRICAL CHARACTERISTICS (Ta = 25°C) 

V CC = °» V EE = " 5 * 2 Vdc V BB = 15 Vdc ±l ^ 0> A11 unused inputs connected to Vj 



Test 


Conditions 


Symbol 


Min 


Max 


Unit 


"NOR" Logical "1" 
Output Voltage 


V in = ~ 1 - 35 Vdc 
each input 


v l 


-0.650 


-0.795 


Vdc 


"OR" Logical "0" 
Output Voltage 


V^ = -1.35 Vdc 
each input 


v 2 


-1.455 


-1. 750 


Vdc 


"NOR" Logical "0" 
Output Voltage 


V in = -0. 795 Vdc 
each input 


v 4 


-1.455 


-1.750 


Vdc 


"OR" Logical "1" 
Output Voltage 


V in = -0. 795 Vdc 
each input 


v 5 


-0. 650 


-0.795 


Vdc 


Max Input Current 


v in = -0-690 Vdc 

each input 

V x = -1.15 Vdc 


*6, 7, 8 




100 


MAdc 


Total Unit 
Current Drain 


With 50 ohm load 
to ground, from 
Pins 4 & 5 


IE 




65 


mAdc 


Switching Characteristics: V cc = 0, V EE = -5.2 Vdc, V BB = -1.15 Vdc (all +1%), V H = -0.75 Vdc, 
V L = -1.55 Vdc, Fan In = 1 


Test 


Conditions 


Symbol 


Typ 


Max 


Unit 


Propagation Delay 


"NOR" Output 


R T = 50 ft 
C T = 1000 pF 
(See Fig. 1) 


*di 


15 


30 


ns 


"OR" Output 




'di 


17 


35 


ns 


"NOR" Output 




fc d2 


18 


35 


ns 


"OR" Output 




'd2 


15 


30 


ns 


Rise Time 


"NOR" Output 




*r 


19 


37 


ns 


"OR" Output 




*r 


16 


35 


ns 


Fall Time 


"NOR" Output 




*f 


19 


37 


ns 


"OR" Output 






19 


37 


ns 



15-34 



Lafe Additions 



MC365 (continued) 



"OR" OUTPUT 



"NOR" OUTPUT 




CIRCUIT SCHEMATIC, MECL LINE DRIVER 
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■ Late Additions • 



MC700P SERIES 

MRTL PLASTIC INTEGRATED CIRCUITS 



^0 



Milliwatt MRTL (low power) & MRTL (medium power) devices designed 
for use in commercial-industrial applications. Circuit loading guaranteed over 
a temperature range of +15°C to +55°C, one-piece, injection - molded plastic 
with dual in-line pin arrangement for automatic insertion. 

MILLIWATT MRTL - Low Power MRTL - Medium Power 



LOGIC GATES 

Quad 2-input Gate MC717P 

Dual 3-input Gate MC718P 

Dual 4-input Gate MC719P 

Triple 3-input Gate MC793P 

DUAL BUFFER MC798P 



LOGIC GATES 

Dual 3-input Gate MC715P 

Quad 2-input Gate MC724P 

Dual 4-input Gate MC725P 

Hex Inverter MC789P 

Triple 3-input Gate MC792P 

DUAL BUFFER MC799P 
DUAL BUFFER (Non-Inverting) MC788P 

J-K FLIP-FLOP MC723P 

DUAL J-K FLIP-FLOP MC790P 



GENERAL RULES 

The number of load circuits that may be driven from an output is 
determined by the input loading factor. The summation of input load- 
ing should not exceed the drive capability of the output. 

All unused inputs shou Id be returned to ground. 

V cc is applied to Pin 11 with Pin 4 grounded. 

Loading diagrams are intended for use when mixing Milliwatt MRTL 
and MRTL in system applications. 



OUTLINE DIMENSIONS 




DEFINITIONS 



Ia|6 



Vbot 
Vcc 

V CE 

v ifl 

V 0 ,f 
V„ut 



0 This dimension is measured at the seating plane. 
© 4 insulating stand-offs are provided. 



Minimum available output current 
for outputs with a loading factor of 
3, 4, 10, 13, and 16 respectively 

Minimum available output current 
from a buffer 

Maximum input current, with V in 
applied and a fan-in greater 
than one 

Maximum input voltage 

Supply voltage 

Maximum saturation voltage, 
Vbot applied to input 

Minimum high-level voltage 

Maximum Input voltage that will 
not turn the transistor on 

Minimum turn-on voltage 

Maximum output voltage, 
V on applied to input 

Value of external resistor 
connected from buffer output to 
Vcc to obtain indicated 
output voltage readings 
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Lafe Additions 

MC700P SERIES (continued) 



MAXIMUM RATINGS (T A = 25°C) 



Characteristic 


Symbol 


Rating 


Unit 


Logic Input Voltage 




±4 


Vdc 


Power Supply Voltage ( Pulsed 4= 1 second) 




+12 


Vdc 


Power Dissipation 


P D 


250 


mW 


Operating Temperature Range 


T A 


+15 to +55 


°C 


Storage Temperature Range 


T 

stg 


-55 to +125 


°c 



TEST CONDITIONS AND LIMITS 





Milliwatt MRTL 


MRTL 


Unit 


+ 15°C 


+25°C 


+55°C 


+15°C 


+25°C 


+55°C 


TEST CONDITIONS 


v 

v BOT 


1.8 


1.8 


1.8 


1.8 


1.8 


1.8 


Vdc 


v cc 


3.6 


3.6 


3.6 


3.6 


3.6 


3.6 


Vdc 


V. 
in 


0.865 


0.850 


0. 800 


0.865 


0.850 


0. 800 


Vdc 


V off 


0.475 


0.460 


0.430 


0. 475 


0.460 


0.430 


Vdc 


V 

on 


0.865 


0.850 


0.800 


0.865 


0.850 


0.800 


Vdc 


V * 
V R 


4600 


4800 


5000 


640 


640 


640 


Ohms 


*mW MRTL - Highest node resistance value 
MRTL - Nominal resistance value 

TEST LIMITS 


*A3 


420 


420 


420 








/iAdc min 


X A4 


570 


570 


570 








/iAdc min 


*A10 








1.65 


1.65 


1.56 


mAdc min 


X A13 








2.15 


2.15 


2.03 


mAdc min 


*A16 








2. 65 


2.65 


2.5 


mAdc min 




5.0 


5.0 


5.0 


13.5 


13. 75 


12.5 


mAdc min 


in 


150 


150 


150 


500 


500 


470 


/iAdc max 


V 

out 


0. 400 


0. 300 


0. 320 


0. 400 


0. 300 


0.320 


Vdc max 


v 

V CE 


0.220 


0.230 


0. 320 


0. 300 


0.290 


0. 320 


Vdc max 
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MC700P SERIES (continued) 



LOADING DIAGRAMS (vaiidfrom+i5< 



C to +55°C with V cc = 3.6 V : 



0%— TOP VIEWS) 



MC715P-Dual 3-lnput Gate 



MC717P-Quad 2-lnput Gal 



MC718P — Dual 3-lnput Gate 




MC719P - Dual 4-lnput Gate 



GNDo— 
10 o- 



-oVcc 
-O10 



MC723P-J-K Flip-Flop 



160-5 — i 



MC724P - Quad 2-lnput Gate 



MC725P - Dual 4-lnput Gate 




MC788P - Dual Buffer 



GNDo— 
16o- 



MC789F-Kex Inverter 



n 



MC790/' - Dual J-K Flip Flop 




MC792P- Triple 3-lnput Gate 




MC793P- Triple 3-lnput Gate 




r 



MC798P - Dual Buffer 



16o -i J p^l^iL^, 
800-^—1 LiiLo 



GNDo 
80 o- 




MC799P - Dual Buffer 



Numbers at end of terminals indicate loading. 
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Late Additions 

Mc830P SERIES 

MDTL PLASTIC INTEGRATED CIRCUITS 

MC830P series MDTL integrated circuits designed 
for use in a commercial -industrial applications with 
circuit loading guaranteed over a temperature range of 
0° to +75°C. Circuits are contained in a one-piece, 
pressure -molded plastic package with dual in-line pin 
arrangement for automatic insertion. 




GENERAL RULES 



LOGIC FUNCTIONS 



> The number of load circuits that may be driven from an output is deter- 
mined by the input loading factor. The summation of input loading should 
not exceed the drive capability of the output. 

i The outputs of the Dual 4-input gate may be tied together to perform the 
wired-collector OR function. For each added gate subtract 1 unit fan-out. 
For six added gates only 5 unit loads need be subtracted. 

» The outputs of the Dual Buffer may not be tied together. 

» The outputs of the Dual Power Gate may be tied together to perform the 
wired-collector OR function. 

» An external load resistor should be utilized with the Dual Power Gate. At 
V cc = 5.0 ± 0.5 V, subtract the following output loads: 



GATES 

Dual 4-lnput Gate 
Dual 4-lnput Power Gate 
Quad 2-lnput Gate 
Triple 3-lnput Gate 

GATE EXPANDER 

DUAL BUFFER 

CLOCKED FLIP-FLOPS 



MC830P 
MC844P 
MC846P 
MC862P 

MC833P 

MC832P 

MC831P 
MC845P 
MC848P 



2 to — 2 loads 
1 kn — 4 loads 
510 12 — 8 loads 



' For increased current capability, the inputs and outputs of Vz MC832P and 
V2 MC844P can be paralleled (up to and including 4 common outputs). The 
combined output will equal 100 loads while each combined input will equal 
4 loads. 



DEFINITIONS 



OUTLINE DIMENSIONS 



ICEX 

% If 



2 If 
Ifcp 



Ifs 

lm« 



lot 
Ipdh 




® This dimension Is measured at the seating plane. 
0 4 insulating stand-offs are provided. 



Collector-to-emitter leakage of the output transistor 

Forward current of input diodes which are % of unit load 

Forward current of input diodes for unit input load 

Forward current of input diodes which are twice the unit load 

Forward current of clock input diodes 

Forward current of dual expander diodes 

Forward current of set and clear input diodes 

Maximum rated power supply current with Vm« applied 

Output high current 

Output low current 

Power supply drain with the inputs high 

Reverse current of input diodes with Vn applied 

Reverse current of clock input diodes 

Short circuit obtained from device output 
when one or more inputs are low 

Power supply voltage 

Output transistor collector-to-emitter voltage 
Clock threshold voltage 
Forward voltage of input diodes 
Forward voltage of dual expander diodes 
Voltage for high input voltage state 
Voltage for low input voltage state 
Voltage for low set and clear input voltage state. 
Maximum rated power supply voltage (Vcc) 
Output high voltage with I oh flowing out of pin 
Output low voltage with loi flowing into pin 
Power supply voltage for power dissipation, test 
Reverse voltage for input diode leakage test 
Low voltage utilized in testing expander inputs 



15-39 



Late Additions 

MC830P SERIES (continued) 



MAXIMUM RATINGS (T A = 25°C) 



V.IICII C1LICI Idllv 


i\d i my 


Unit 


.Qnrir^lTj "\Tf\ 1 q era 

oupjjiy v uiidgc 
Continuous 
Pulsed, < 1 second 


+ 8 
+ 12 


\Tr\n 
V UL 


Output Current into Outputs 

MC832P, MC844P - Continuous 

Pulsed, < 30 ms 


150 
300 


mAdc 


All other types 


30 




Input Forward Current 


-10 


mAdc 


Input Reverse Current 
MC832P, MC844P 
All other types 


5.0 
1.0 


mAdc 


Operating Temperature Range 


Oto+75 


°C 


Storage Temperature Range 


-55 to + 125 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Applicable to: 


o°c 


+25°C 


+75°C 


Unit 


V OL 


@I OL &V IH 


Gates, Flip-Flops, Buffer 


0. 45 


0.45 


0. 50 


Vdc max 


v 

v OH 


@I OH &V IL 


Gates**, Flip-Flops, Buffer 


2.60 


2.60 


2.50 


Vdc min 


LV CE 


@I CE 


MC844P 




6.0 




Vdc min 


v 

FD 


@I FD 


MC833P 


0.75* 
0.90* 


0.68* 
0. 82* 


0.60* 
0.75* 


Vdc min 
Vdc max 


*sc 


MC830P, MC846P, MC862P 
MC832P 


-1.30 
-15 


-1.30 
-16 


-1.25 
-14 


mAdc max 
mAdc min 


hi 


@V R 


All Types 


5.0 


5.0 


10 


jLtAdc max 


2I R 


@V R 


MC833P 




10 




juAdc max 


'rcp 


@V R 


Flip-Flops 


30 


30 


40 


jLtAdc max 


*CEX 


(a) V 

^ CEX 


Gates, Buffer 




100 




juAdc max 


h 


@v F 


Gates, Buffer 


-1.40 


-1.40 


-1.33 


mAdc max 


2/3 Ij. 


@v F 


Flip-Flops 


-0.95 


-0.95 


-0.90 


mAdc max 


r FCP 


@V IL 


Flip-Flops 


-2.80 


-2.80 


-2.67 


mAdc max 




@v F 


MC831P 

MC845P, MC848P 


-1.05 
-2.80 


-1.05 
-2.80 


-1.00 
-2.67 


mAdc max 



* Ground pins 2, 3, 5, and 6 OR 9, 10, 12, and 13 simultaneously. (continued) 

* Ground pins 2, 3, 5, and 6 OR 9, 10, 12, and 13 sequentially. 
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Lafe Additions 

MC830P SERIES (continued) 



ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Applicable to: 


o°c 


+25°C 


+75°C 


Unit 


^DH @ V PD 


MC830P 
MC831P 

v/IXj OOcixr 

MC844P 
MC845P 
MC846P 
MC848P 
MC862P 




8.0 
14.0 
ou. u 
22.5 
14.0 
16.0 
17.0 
12.0 




mAdc max 


I @ V 
max max 


MC830P, MC832P, MC844P 

MC831P, MC845P 

MC846P 

MC848P 

MC862P 




8.0 
18.0 
16.0 
22.5 
12.0 




mAdc max 



TEST CONDITIONS 



T 

OL 


MC830P, MC846P, MC862P 

MC831P 

MC832P 

MC844P 

MC845P 

MC848P 


12. 0 
10.5 
36.0 
40.0 
16.8 
15.4 


12. 0 
10.5 
36.0 
40.0 
16.8 
15.4 


11. 4 
10.2 
34.0 
36.0 
16.0 
14.6 






MC832P 

Gates**, Flip-Flops 


-2.0 
-120 


-2.5 
-120 


-3.0 
-120 


mAdc 

/LtAdc 


J CE 






5.0 




mAdc 






2.0 


2.0 


2.0 


mAdc 


V IL 




1.2 


1.1 


0.95 


Vdc 


V 

ILS 




1.2 


1.1 


0.95 


Vdc 


V IH 




2.0 


1.9 


1.8 


Vdc 


V X 






1.8 




Vdc 


V F 




0. 45 


0.45 


0. 50 


Vdc 


V R 




4.0 


4.0 


4.0 


Vdc 


v 

V CEX 






5.0 




Vdc 


v 

v cc 




5.0 


5.0 


5.0 


Vdc 


v 

V PD 






5.0 




Vdc 


V 

max 






8.0 




Vdc 


v 

V CPTH 




1.0 


0.95 


0.85 


Vdc 



Excludes Dual 4-Input Power Gate, MC844P 
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Late Additions 



MC830P SERIES (continued) 



LOADING DIAGRAMS 

Valid from 0°C to +75°C 
with V cc = 5.0 V ± 10% 
TOP VIEWS 



Numbers at end of terminals indicate loading. 



lo- 
lo- 



O 



MC830P - Dual 4-lnput Gate 




MC831P- Clocked Flip-Flop 



10 



250- 
GNDo— 



o 



MC832P-Dual Buffer 



O 



o 




MC833P - Gate Expander 



MC844P - Dual 4-lnput Power Gate 



MC845P - Clocked Flip-Flop 






MC846P- Quad 2-lnput Gate 



MC848P- Clocked Flip-Flop 



MC862P - Triple 3-lnput Gate 



*See General Rules 
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■ Late Additions - 



mc1525 
mc1526 



LINEAR CIRCUIT SERIES 




A dd = 65-140 
V,o = 5-7 mV 
CMR = 80 dB 
BW = 0.5-1.4 MHz 



CASE 71 



Integrated circuit NPN differential amplifiers de- 
signed for applications requiring extremely high gain. 



MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply Voltage 


v cc 


+14 


Vdc 


Power Supply Voltage 


V EE 


-14 


Vdc 


Differential Input Signal 


V in 


15 


Vdc 


Operating Temperature Range 


T J 


-55 to + 125 


°C 


Storage Temperature Range 


T stg 


-65 to +175 


°C 


Total Power Dissipation 
Derate above 25°C 


PD 


300 
2 


mW 
mW/°C 



FIGURE 1 —MCI 525 

»V CC 




FIGURE 2- MC 1526 

19 Vo 

8.4k^ 



8 22.4 k 



i 



11.2 k3 



Vee 



; 8.4 k 



:i.4k 



►4.2 k 



11.2 k 



;5.6k 



10 

-o 



4 

-o 



5 

-O 



6 

-O 
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Late Additions 



MC 1 525, MC 1 526 (continued) 
ELECTRICAL CHARACTERISTICS 



(Vcc = +12 Vdc, Vee = —12 Vdc, at Ta = 25°C unless otherwise noted) 



Characteristic 


Fig No 


Symbol 


Min 


Typical 


Max 


Unit 


Differential Voltage Gain 
MC1525 
MCI 526 


3, 13 


A dd 


120 
50 


140 
65 


60 
75 


— 


Single Ended Voltage Gain 
MC1525 
MC1526 


4 


Ay 


— 


75 
45 


— 





Output Voltage, Common Mode 
Both Types 


5,14 


v o(CM) 


6.0 


7.0 


8.0 


Vdc 


Maximum Output Swing 
Both Types 


6 


v o 


7.0 






Vp> 


AC Unbalance 

Both Types 


6 


U 


— 


— 


300 


mV (p- P ) 


Input Offset Voltage 
MC1525 
MC1526 


7, 15 


V io 






5 
7 


mVdc 


Input Offset Current 
MC1525 
MC1526 


8,16 


ho 


— 


— 


4 
2 


/lAdc 


Input Current 

MC1525 
MC1526 


8, 18 


lin 


— 


— 


20 
3.5 


fi Adc 


Common Mode Rejection 
Both Types 


9, 17 


CM Rej 


80 






dB 


Bandwidth 

MC1525 
MCI 526 


10 


BW 


1400 
500 






kHz 


Differential Input Impedance 
MC1525 
MC1526 


11 


z in 


2.0 
60 






kn 


Single Ended Output Impedance 

Both Types 


12 


z out 






11 
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■ Late Additions • 



MCI 525, MCI 526 (continued) 

DC Common Mode Input Voltage Set at: VcM{ m in) = 5.5 Vdc for MC1526 and 

VcM(min) = 6.2 Vdc for MC1525 . 



FIGURE 3 - DIFFERENTIAL VOLTAGE GAIN FIGURE 4 - SINGLE-ENDED VOLTAGE GAIN 



f = 1 kHz Vj = 10 mVrms 



f = 1. kHz V ; =10mVrms 



OUTPUT 
A 




Vqa-Vqb 



I W\ 1 Q — 

Vs© 50| QV 



TEST 
AMPL. 



FIGURE 5 - OUTPUT VOLTAGE - COMMON MODE FIGURE 6 - MAXIMUM OUTPUT SWING 




V s INCREASED UNTIL V 0 REACHES FULL CUTOFF. 
OUTPUT SWING AND AC UNBALANCE GIVEN IN VOLTS P-P. 



FIGURE 7 - INPUT OFFSET VOLTAGE 



FIGURE 8 - INPUT OFFSET CURRENT 
and INPUT CURRENT 



TEST DC NULL /\ v 

AMPL VOLT METER W v ° 



V io =■■ V s when V 0 = 0 



VcMimini V s IS CALIBRATED VARIABLE MILLIVOLT SOURCE 

WITH OUTPUT IMPEDANCE OF 50n. 



R 



•2 



LOWZ 
MICRO- 
AMMETERS 



2 



INPUT CURRENT A ^y^ 8 - 
INPUT OFFSET CURRENT A U-Ib 
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Late Additions 



MCI 525, MCI 526 (continued) 

DC Common Mode Input Voltage Set at: VcM(min] = 5.5 Vdc for MC1526 and 

VcM(m.n) = 6.2 Vdc for MCI 525. 



FIGURE 9 - COMMON MODE REJECTION 



FIGURE 10 -BANDWIDTH 



CM Rcj ^-20fogA Jd /A cd , A cd = 



VcM (m „) 

V 



O 



AV os RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
MAXIMUM TO MINIMUM VALUES. 



o 



! 



SIG. GEN. 

VcM |min) 



B00NT0N 
91D 



FIGURE 11 - DIFFERENTIAL INPUT IMPEDANCE 



FIGURE 12 - SINGLE-ENDED OUTPUT 
IMPEDANCE 




WHEN R iB SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 dB. 
THEN Z in = R in 



aS/>" 



f= 1 kHz 
V 0 = 200 mVrms NO LOAD 
V 0 = 100 mVrms WHEN Z 0u) = R o 



Ro^ 



BIASING ARRANGEMENT 



In the emitter of the current source 
transistor of each of the differential 
amplifiers, there are four resistors of 
different values which may be con- 
nected in seven ways. The resultant 
effective resistance in conjunction 
with a given V EE makes provision for 
different current levels. For conven- 
ience, the seven methods together 
with their effective resistances are 
tabulated below. 




•Pin 7 is connected to the substrate and must be connected to the 'Vet. supply 
for proper circuit operation. 



METHOD 


1 


2 


3 


4 


5 


6 


7 


PIN CONNECTIONS 


4-7 


4-6, 5-7 


4-5, 6-7 


4-6 


4-5 


5-6 


4,5,6 OPEN 


EFFECTIVE RESISTANCE 


1.4 k 


3.37 k 


7.0 k 


12.6 k 


18.2 k 


21.8 k 


22.4 k 
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■ Lafe Additions - 



MCI 525, MCI 526 (continued) 

EFFECT OF TEMPERATURE ON CHARACTERISTICS 



FIGURE 13 - DIFFERENTIAL MODE GAIN 



0 25 55 

T A . TEMPERATURE ( ; C) 



85 125 



FIGURE 14 - OUTPUT VOLTAGE - 
COMMON MODE 



















































































































Bot 


tiTy 


>es 













































































































































































-55 - 25 0 25 55 

T A . TEMPERATURE l°C) 



FIGURE 15 - INPUT OFFSET VOLTAGE FIGURE 16 - INPUT OFFSET CURRENT 




-55 - 25 0 25 55 85 125 -55 - 25 0 25 55 85 125 

T A , TEMPERATURE ( C C) T A TEMPERATURE ("0 



FIGURE 17 - COMMON MODE REJECTION 



— 55 -25 0 25 55 

T A . TEMPERATURE (°C) 



FIGURE 18 - INPUT CURRENT 







































\ 










































MC 


152 


5 1 














































































































































































































M 


C1526 

































- 25 0 25 55 

T A . TEMPERATURE <°C) 



15-47 



Late Additions 



MPS 3702 (SILICON) 

mps3703 



CASE 29 

(TO-92) 




V CEO to30V 
l c = 200 mAdc 
P D = 310mW 



PNP silicon annular plastic encapsulated transistors 
designed for low-power, large- signal audio applications. 

MAXIMUM RATINGS 



Characteristic 


Symbol 


MPS3702 


MPS3703 


Unit 


Collector-Emitter Voltage 


V CEO 


25 


30 


Vdc 


Collector-Base Voltage 


V CB 


40 


50 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current - Continuous 


l c 


200 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


310 
2.81 


raW 
mw/°C 


Operating and Storage Junction Temperature Range 


T J' T stg 


-55 to +135 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


^JA 


0.357 


°C/mW 



ELECTRICAL CHARACTERISTICS <T A = 25*C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 

(I p = 10 mAdc, I R = 0) MPS3702 
C a MPS3703 


BV CEO* 


25 
30 




Vdc 


Collector-Base Breakdown Voltage 

(I r = 100 MAdc, I p = 0) MPS3702 .>. 
^ ^ MPS3703 


BV CBO 


40 
50 




Vdc 


Emitter-Base Breakdown Voltage- 
(I E = 100 /iAdc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 


r CBO 




100 


nAdc 


Emitter Cutoff Current 
(V BE =3 Vdc, I c -0) 


! EBO 




100 


nAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I n = 50 mAdc, V rw = 5 Vdc) MPS3702 
L CiL MPS3703 


h FE* 


60 
30 


300 
150 




Collector-Emitter Saturation Voltage* 
(I c = 50 mAdc, I fi = 5 mAdc) 


V CE(sat)* 




0.25 


Vdc 


Base-Emitter On Voltage* 
(I c = 50 mAdc, V CE = 5 Vdc) 


V BE(on)* 


0.6 


1.0 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain -Bandwidth Product 

(I c = 50 mAdc, V CE = 5 Vdc, f = 20 MHz) 


f T 


100 




MHz 


Output Capacitance 

(V CB = 10 Vdc, f = 1 MHz) 


C ob 




12 


pF 



*Pulse Test: Pulse Width = 300 /is; Duty Cycle = 2% 
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Late Additions 



MPS3704 (SILICON) 

mps3705 
mps3706 




NPN silicon annular plastic 
designed for low -power, large- 

MAXIMUM RATINGS 



Vceo to 30 V 
| c = 600 mAdc 
P D = 310mW 



encapsulated transistors 
■signal audio applications. 



CASE 29 

(TO-92) 



Characteristic 


Symbol 


MPS3704 
MPS3705 


MPS3706 


Unit 


Collector-Emitter Voltage 


v CEO 


30 


20 


Vdc 


Collector-Base Voltage 


V CB 


50 


40 


Vdc 


Emitter-Base Voltage 


v 

EB 


5 


Vdc 


Collector Current - Continuous 


l c 


600 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


310 
2.81 


mW 
mW/°C 


Operating and Storage Junction Temperature Range 


T J' T st B 


-55 to +135 


"C 



THERMAL CHARACTERISTICS 



ELECTRICAL CHARACTERISTICS (Ta = 25 'C unless otherwise noted) 



Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


*JA 


0.357 


°C/mW 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector -Emitter Breakdown Voltage* 
(I c = 10 mAdc, I E = 0) 


MPS3704 
MPS3705 
MPS3706 


BV CEO* 


30 
30 
20 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 100 /lAdc, I £ = 0) 


MPS3704 
MPS3705 
MPS3706 


BV CBO 


50 
50 
40 




Vdc 


Emitter-Base Breakdown Voltage 
<I E = 100 M Adc, I c = 0) 


BV EBO 


5 




Vdc 


Collector Cutoff Current 
(V CB = 20 Vdc, I E = 0) 


r CBO 




100 


nAdc 


Emitter Cutoff Current 
< V BE= 3 Vdc > l C s Q 


r EBO 




100 


nAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I c = 50 mAdc, V CE = 2 Vdc) 


MPS3704 
MPS3705 
MPS3706 


h FE* 


100 
50 
30 


300 
150 
600 




Collector-Emitter Saturation Voltage* 
(I c = 100 mAdc, I B = 5 mAdc) 


MPS3704 
MPS3705 
MPS3706 


V CE(sat)* 




0.6 
0.8 
1.0 


Vdc 


Base-Emitter On Voltage* 

(I c = 100 mAdc, V CE = 2 Vdc) 


V BE(on)* 


0. 5 


1.0 


Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain— Bandwidth Product 

(I c = 50 mAdc, V CE = 2 Vdc, f = 20 MHz) 


f T 


100 




MHz 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 


C ob 




12 


PF 



♦Pulse Test: Pulse Width = 300 /is; Duty Cycle = 2% 
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MPS3826 (SILICON) 

mps3827 




V CEO = 45V 
l c = 30 mAdc 
P D = 310mW 



NPN silicon annular plastic encapsulated transistors 
designed for general purpose, low -level audio appli- 
cations. 



MAXIMUM RATINGS 



CASE 29 

(TO-92) 



Characteristic 


Symbol 


Rating 


Unit 


Collector-Emitter Voltage 


V CEO 


45 


Vdc 


Collector-Base Voltage 


V CB 


60 


Vdc 


Emitter -Base Voltage 


v 

EB 


4 


Vdc 


Collector Current - Continuous 


! C 


30 


mAdc 


Total Device Dissipation @ T A = 25°C 
Derate above 25°C 


P D 


310 
2.81 


mW 
mW/°C 


Operating and Storage Junction Temperature Range 


T J' T stg 


-55 to +135 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


9 JA 


0.357 


°C/mW 



ELECTRICAL CHARACTERISTICS (T A = 25*C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
(I c = 10 mAdc, I fi = 0) 


BV CEO* 


45 




Vdc 


Collector-Base Breakdown Voltage 
(I c = 100 /xAdc, I E = 0) 


BV CBO 


60 




Vdc 


Emitter-Base Breakdown Voltage 
(I £ = 100 nAdc, I c = 0) 


BV EBO 


4 




Vdc 


Collector Cutoff Current 
(V CB = 30 Vdc, I E = 0) 

(V CB = 30 Vdc, I E = 0, T A = 85°C) 


^BO 




0.1 

5 


/xAdc 


ON CHARACTERISTICS 


DC Current Gain* 

(I r = 10 mAdc, V rw = 10 Vdc) MPS3826 
U ^ MPS3827 


h FE* 


40 
100 


160 
400 




DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(I c = 10 mAdc, V c£ = 10 Vdc, f = 100 MHz) 


f T 


200 


800 


MHz 


Output Capacitance 

(V CB = 10 Vdc, I E = 0, f = 1 MHz) 


C ob 




3.5 


PF 


Collector-Base Time Constant 

(V CB = 10 Vdc ' *E = 10 mAdc « 1 = 31 ' 9 MHz) 


r ^ C c 




100 


ps 



*Pulse Test: Pulse Width = 300 fis; Duty Cycle = 2% 
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M&2360 REF. VOLTAGE = 0.67 ± 5% V 

l F = 10 mA 



Forward Reference Diode - a high-conductance silicon 
diode designed as a stable forward reference source for 
biasing transistor amplifiers and similar applications. 
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MAXIMUM RATINGS 



Rating 


Symbol 


MR2360 


Unit 


DC Power Dissipation @ = 75°C 
Derate above 75°C 


P D 


1000 
10 


mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 


T J' T stg 


-65 to +175 


°C 


ELECTRICAL CHARACTERISTICS (At 25° C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max 


Unit 


Forward Reference Voltage 
(I F = 10 mAdc) 

(I F = 100 mAdc) 


V F 


0.64 
0. 73 


0.70 
0. 80 


Volts 


Reverse Current 
(V R = 5. 0 Vdc) 


*R 




10.0 





THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient: 0 JA = 100°C/W MAX. 

MECHANICAL CHARACTERISTICS 
CASE: Void free, flameproof silicone polymer case. 

FINISH: All external surfaces corrosion-resistant and leads readily solderable. 
POLARITY: Indicated by polarity band. (Cathode end.) 
MOUNTING POSITIONS: Any. 
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Application Nofes 

HOW TO GET MORE VALUE OUT OF A TRANSISTOR DATA SHEET 



Engineers involved in the design of transistor circuits can gain many bene- 
fits from the proper use of transistor data sheets that have well specified char- 
acteristics. The extreme requirements of today's designs can only lead to con- 
fusion if the engineer does not have the proper limits within which to design. 
This report is intended to explain the relationship between published charac- 
teristics and design requirements. 

A modern, well -prepared, informative data sheet should provide the design 
engineer with all the necessary information for selecting a transistor capable 
of performing a particular job. To accomplish this, the data sheet is normally 
divided into six general sections. A description of the device is given first, 
followed by sections on absolute ratings, and electrical and thermal character- 
istics. Mechanical data and applications information are also included. 

The description of the device usually gives the broad general application which 
permits the designer to classify transistors according to his specific require- 
ments. Thus, a typical power transistor description might indicate whether the 
unit was designed for audio work or switching applications. In addition, the 
power and/or current rating is specified, the polarity (whether PNP or NPN) 
is given, and the type of material is called out. At a glance, therefore, the en- 
gineer can determine if a particular transistor or group of transistors, is gen- 
erally suitable for a particular purpose. 

From here on, however, the selection of a specific transistor for a particu- 
lar object becomes more involved. The unit must be considered from its var- 
ious electrical ratings and characteristics to make sure that it fits the applica- 
tion from every conceivable standpoint. And, the engineer is generally faced 
with the problem of selecting the least expensive transistor which will perform 
adequately in his proposed circuit. This requires a comprehensive study and 
evaluation oi the information usually given in the finer print. Only a thorough 
understanding oi this information will permit him to do his job satisfactorily. 

DISTINCTION BETWEEN RATINGS AND CHARACTERISTICS 

A rating is defined as a limiting value assigned by the manufacturer which, 
if exceeded, may result in permanent damage to the device. On the other hand, 
a characteristics is a measurable property of the device under specific operating 
conditions for which the transistor will provide reliable performance. 

ABSOLUTE MAXIMUM RATINGS 

Absolute Maximum Ratings are those ratings beyond which degradation of a 
transistor may be expected. These ratings are established by each manufac- 
turer based on the internal physical construction, semiconductor material and 
manufacturing processes. Because these are "ratings, " most data sheets will 
not indicate test conditions under which these "ratings" are specified. There- 
fore, "ratings" are the extreme capabilities of a transistor and are not to be 
used as design conditions. 

For example, under absolute maximum ratings the parameter BVcEO indi- 
cates that the B when placed before a characteristic symbol usually means 
breakdown. Therefore, BVcBO* BVqeOj B VcES> E^CEX* and BV EBO> are 
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the breakdown ratings of the device. It is a very well known fact in the semi- 
conductor industry that when transistor ratings are exceeded an avalanche or 
breakdown condition may take place. This avalanche or breakdown condition 
in almost every instance will destroy a transistor. Breakdown is dependent 
upon temperature and a certain voltage and current condition, the combination of 
which can trigger an avalanching effect leading to instant destruction. 

As a practical example, the graph in Figure 1 illustrates the typical output 
characteristics of a 2N1530 power transistor. The absolute maximum voltage 
BV CEO is 45 volts - Tne absolute maximum current is 5 amps. 

With an absolute maximum power 
rating of 90 W as shown on the data 
sheet for this particular transistor, 
it is now possible for the design engi- 
neer to calculate and plot a maximum 
voltage current relationship which 
can't be exceeded without endanger- 
ing the life of the transistor. 

It is obvious from the graph that the 
absolute maximum voltage and the ab- 
solute maximum current cannot be 
applied at the same time. While it is 
conceivable that an occasional ex- 
cursion beyond this absolute maximum 
power for a short period of time will 
do no harm to the transistor, this 
practice is not recommended where 
reliability is concerned. 0 

0 5 10 15 20 25 30 35 40 45 50 

Thermal characteristics, also list- v CB , collector-to-emitter voltage (volts) 

ed under the absolute maximum rat- 
ings, are expressed in degrees C per Figure 1 -Typical Output Characteristics, Motorola 2N 1530 

watt and define the dissipation capa- 
bility of the transistor regarding the 
junction temperature in relation to 
case temperature. 

ELECTRICAL CHARACTERISTICS 

It is in this portion of the data sheet that the design engineer can find the limits 
on those electrical parameters which are most important to his particular cir- 
cuit design. Whereas the absolute maximum specifications provide the limits 
beyond which reliable operation cannot be obtained, the electrical characteris- 
tics give the design centers around which practical circuits can evolve. When 
discussing any specific characteristics, the test conditions must be specified in 
order that a common understanding is held by both the user and the manufac- 
turer of the transistor. Almost every parameter listed on a data sheet is sub- 
ject to variation among manufacturers because of difficult test conditions. We 
shall now refer to the data sheet on the power transistor series from 2N1539 
thru 2N1548 and discuss each parameter in order. (See Figure 2) 
COLLECTOR-BASE LEAKAGE CURRENTS 

ICBOisa very common term loosely used by designer and manufacturer and 
initially used to signify the quality of a transistor. Actually, there exist three 
very definite ICBO' s which are important to the designer. The first is the reading 
taken at some low collector- base voltage, in this case 2 volts, with a maximum 
value of Ic indicated at this voltage. 
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This for all practical purposes represents the thermal component of the col- 
lector current, which cannot be reduced by further decrease of VCB- This is 
true for a given temperature and is subject to change with temperature. As the 
ambient temperature increases, the leakage current increases. 

ELECTRICAL CHARACTERISTICS, GENERAL (At 25 °C Mounting Base Temperature) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


Collector- Base Cutoff Current 


^BO 










V,^ = -25V 2N1539, 2N1544 
CB ' 






2.0 


mA 


V CB = -40V 2N1540, 2N1545 




- 


- 


2.0 


mA 


V CB =-55V 2N1541, 2N1546 




- 


- 


2.0 


mA 


V,,., = -65V 2N1542, 2N1547 








2.0 


mA 


V nn =-80V 2N1543, 2N1548 








2.0 


mA 


Collector- Base Cutoff Current 


^BO 










V CB = -2V (all types) 






200 


ma 


Collector- Base Cutoff Current 


I 

CBO 










f rp _ , nn On 

at ig = +yu ^ 






20 


mA 


at V CB = BV CES ratin & 












Emitter- Base Cutoff Current 


^BO 










V EB = 12V (all types) 


- 


- 


0.5 


mA 


Collector- Emitter Breakdown Voltage 


BV CES 










I c = 500mA, V £B = 0 










2N1539, 2N1544 




30 






volts 


2N1540, 2N1545 




45 


- 


- 


volts 


ZINlO'il, ZJNlD'iO 




fin 
oil 






volts 


2N1542, 2N1547 




75 


- 


- 


volts 


2N1543, 2N1548 




90 






volts 


Collector- Emitter Leakage Current 


^CEX 










BE - 1 ' 0V 












V CE = 40 2N1539, 2N1544 




- 


- 


20 


mA 


V_„ = 60 2N1540, 2N1545 




_ 


_ 


20 


mA 


V CE = 80 2N1541, 2N1546 




- 


- 


20 


mA 


V n ^ = 100 2N1542, 2N1547 
CE 




_ 


_ 


20 


mA 


V^ E = 120 2N1543, 2N1548 








20 


mA 


Collector- Emitter Breakdown Voltage 


CEO 










I c = 500mA, I B = 0 










2N1539, 2N1544 




20 






volts 


2N1540, 2N1545 




30 






volts 


2N1541, 2N1546 




40 






volts 


2N1542, 2N1547 




50 






volts 


2N1543, 2N1548 




60 






volts 


Collector- Base Breakdown Voltage 


BV CBO 










I r = 20mA 










2N1539, 2N1544 




40 






volts 


2N1540, 2N1545 




60 






volts 


2N1541, 2N1546 




80 






volts 


2N1542, 2N1547 




100 






volts 


2N1543, 2N1548 




120 






volts 



Figure 2 — Electrical Characteristics as given on a typical data sheet 
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ELECTRICAL CHARACTERISTICS, COMMON EMITTER (At 25°o 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


Currsnt Gain 


h 

FE 










V CE- 2V ' r C = 3A 

ZJNlDoy, <SJN±D4U, *2l\llD41, ^INlOlZ, £iNlD40 

2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


50 

75 


- 


100 
150 


- 


Base- Emitter Drive Voltage 


V 

BE 










I c = 3A, I B = 300mA 












dviioov } ZJNJ.D4U, ZiNJ.041, ZINID^Z, ^JNlDfto 

2N1544, 2N1545, 2N1546, 2N1547, 2N1548 




- 


- 


0. 7 
0.5 


volts 
volts 


Collector Saturation Voltage 


V CE(SAT) 










l Q = 3A, I fi = 300mA 










^JNlDoy, ZJN104U, <sJNli)41, <dJNlD42, <sNlu4o 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 




- 


0. 2 
0.1 


0. 6 
0.3 


volts 
volts 


Frequency Cutoff 


f 

ae 










V CE =-2V, I C = 3A 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


- 


4 
4 


- 


kc 
kc 


Switching Characteristics 
I C = 3A 












Delay + Rise Time 


l d + t r 










2N1539, 2N1540, 2N1541, 2N1542, 2N1543 

OKT1 C>1>l OXT1 CylC OXTICvl/? OXT1Cy1f7 OX71C/10 

2N1544, ^N1545, <sN154o, 2N1547, 2N1548 
Storage Time 




_ 


5 
5 


- 


/isec 
/isec 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 
Fall Time 


h 


- 


3 
3 


- 


jusec 
/isec 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 






5 
8 




ju sec 
jusec 


Trans conductance 


g FE 










V CE = - 2V > I C =3A 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


3.0 
5.0 


6.0 
7.5 




mhos 
mhos 



Figure 2 (continued) — Electrical Characteristics as given on a typical data sheet 



With this value, the designer can easily predict what the leakage will be at 
some higher temperature. Using the emperical rule that the thermal compo- 
nent of current will double for every 10°C, the design engineer can pinpoint the 
temperature component of the leakage current. 

COLLECTOR-BASE VOLTAGE CHARACTERISTICS 

The other Iq^q which is important in high -temperature usage is that current 
due to the portion of the collector -base voltage characteristics which adds another 
maximum Iqbo to the temperature complement of the total leakage. The data 
sheet indicates thatV CB at 25 volts on the 2N1539 power transistor gives a max- 
imum leakage of 2 milliamps. This voltage component is not temperature sen- 
sitive. Therefore, the design engineer, wishing to determine his leakage value 
at some higher temperature (e.g. Tj75°C), can safely assume that the maximum 
increase in the thermal component of leakage current will be 32 times 200 
microamps. Adding to this the 2 milliamp voltage component he could arrive 
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at a value of 8. 5 milliamps maximum leakage at 75°C with 25 volts across the 
transistor. All future references to temperature in this report will refer to 
the transistor case temperature and not the ambient temperature. 

HIGH-TEMPERATURE COLLECTOR-BASE LEAKAGE CURRENTS 

Since there are many voltages and many applications to be considered, it is 
difficult for any manufacturer to specify leakage under all voltages at all tem- 
peratures. Our company has led the way in specifying a guaranteed maximum 
leakage at 90°C at a voltage which is within reliable usage of any given tran- 
sistor. In this case, it is one-half the W CES rating. The selection of the one- 
half BV CES voltage rating for the high-temperature test is an arbitrary one, 
by at a point where the device will be in a reliable operating area. 

EMITTER-BASE CUTOFF CURRENT (l EBO ) 

One of the least used parameters on a data sheet is lEBO- It is well to know 
the lEBO limit of any given junction within a transistor; therefore this limit is 
shown at a region where most design will be taking place. In most Motorola 
power transistors the emitter -base diode breakdown voltage rating is far greater 
than the 12 volts shown on the data sheet. This is indicated by the BVEBO listed 
under the absolute maximum ratings. 

COLLECTOR-EMITTER LEAKAGE CURRENT (l CEX ) 

The X in this symbol means that there is some known back-bias voltage ap- 
plied to the base -emitter diode. And, for each transistor this back-bias voltage 
must be specified as a test condition for any given lCEX or BVCEX rating. This 
rating is very useful in the design of converters. In this switching application, 
while one transistor is conducting the other transistor has been back- biased on 
the off condition thus waiting for transformer action to turn it back on. This 
rating is given as IcEX rather than BVcEX- 

It is much easier for a transistor to stand off a given voltage and guarantee 
that the current will not be above a certain maximum value than to apply a test 
current and see if the voltage will be above a certain minimum value. This test 
could be related to a second breakdown type of relationship. On many diodes, 
applying a given test current could show a voltage rating of many volts above the 
listed rating. 

Let us assume a condition where we apply 20 milliamps to the collector from 
a constant current source with a one volt base-emitter back bias. In some ex- 
treme cases, the collector -emitter voltage could go to 150 or 200 volts giving 
an extreme power dissipation problem, putting the device into the very danger- 
ous second breakdown region; thus, the reason for specifying IcEX rather than 
BVcEX- Tne reverse is true of the breakdown voltage collector to emitter 
(BVces)> with tn e base and emitter short circuits. 

COLLECTOR-EMITTER BREAKDOWN (BV CES ) 

The most important rating that the engineer can consider when selecting the 
transistor for his circuit is BVces- ( See Fi g ure 3) 

Most all power transistor applications require source voltages, collector-to- 
emitter. This forces VCE ratings to be equal to or larger than the source volt- 
age. Inductive loads will make this requirement higher. For the design engi- 
neer, a useful rating would be BVcER which falls between BVcES and BVcEO 
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in applications utilizing alloy transistors. The test current of 500 milliamps 
for power transistors was selected to insure an adequate range of operation 
under this condition. On many of these test conditions, high dissipation can be 
experienced with the combination of test voltage and test current. Therefore, 
many of these tests are specified as sweep tests or pulse tests where the duty 
cycle is low enough that the maximum junction temperature is not exceeded. 
These tests should be performed with the transistor mounted on an adequate 
heat sink. 



COLLECTOR-EMITTER BREAKDOWN 
VOLTAGE WITH THE BASE OPEN (BV CEO ) 



This test is related to Iq B q and the 

gain characteristic h^g. With the base 

open, a condition can be reached where 
h FE will multiply the I CBO at a given 

voltage and start an avalanche condi- 
tion as the junction temperature rises 
~ due to self -heating. This can quickly 
reach breakdown conditions if not 
carefully tested by the sweep method. 

Although BA^gQ is the most difficult of all tests to meet, especially at high 
voltages, it is a condition which is occasionally met in actual operation, such as 
in series regulated power supplies and power amplifiers. In switching circuits 
this condition can be met instantaneously when the transistor is switched from 
on to off, thus passing a region where the base has infinite resistance or is 
essentially open. We protect for this condition by showing the BVqjzq rating on 
our data sheet and making it a part of our safe area curves. 

COLLECTOR-BASE BREAKDOWN VOLTAGE (BV CBO ) 

This rating will show the limitation of the collector-base junction, but is a 
rating which is only occasionally used in actual circuit considerations. Many 
engineers make the error of selecting a transistor based on this parameter put- 
ting themselves into a high priced, low availability category, when actually the 
true ratings could have been defined by BVcES- Circuits should be carefully 
analyzed to determine if BVcBO or some collector- to- emitter rating is the con- 
trolling factor. 

CURRENT GAIN (h FE ) 

This is the most arbitrary of all test conditions listed on a data sheet. Our 
company in designing power transistors, has calculated the structure to center 
upon or yield a given gain at a given collector current depending upon market 
requirements. For alloy transistors, current -gain is a function of collector- 
current and in most cases will decrease when Iq increases. (See Figure 4) 

It is best to design around data sheet limits. However, circuit requirement 
could dictate current gain spreads. Under these circumstances, it would be 
beneficialfor the design engineer to work closely with the manufacturer to obtain 
a special device. This parameter is one that will vary to some degree with 



50 



100 



% RATED MAXIMUM COLLECTOR-EMITTER VOLTAGE (BV C1!S ) 
Figure 3 — Collector Characteristics, Common Emitter 
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life, and is therefore used as an end-of-life characteristic. It is with this re- 
alization that we introduced our Meg -A- Life Program where end-of-life limits 
are given for both h FE and I^go ° n industrial transistors. 

BASE TO EMITTER VOLTAGE (V BE ) 

This parameter is very important to those who require knowledge of the input 
voltage at the specified test condition, especially to people designing- converters 
and switching circuits. See Figure 5. The test for this parameter is usually 
performed with the transistor in saturation. 
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2 3 
l c , COLLECTOR CURRENT (AMPS) 



30 40 50 60 70 
l B , BASE CURRENT (mA) 



Figure 4 — Current Gain versus Collector Current 



Figure 5 — Emitter-Base Voltage versus Base Current 



SATURATION VOLTAGE (V CEsat ) 

Saturation voltage, VCEsat (See Figure 6) is the minimum voltage necessary 
to sustain normal transistor action at a particular collector- current. At col- 
lector voltages, lower than Vrj Esat 

the base -collector diode is forward 
biased and the current -voltage re- 
lationship changes abruptly. Thus, 
the saturation voltage is the minimum 
collector -emitter voltage required to 
maintain full conduction when enough 
base drive is supplied. Further appli- 
cations of base drive will reduce 
V£g sa j.with diminishing effect. Since 

the V£ Ega j. VS I^, curve is almost a 

straight line, some transistor manu- 
facturers list the characteristic as 
saturation resistance (V CEsa| ). V CEsat 

is part of the output characteristic. 

Transistor efficiency in converters 
is a function of switching speed and 
power dissipated in the fully-on Figure 6 - Output Characteristics, Saturation 
condition. A very low saturation Region, 2N351 A 







l„ = 250mA 




** V CE(SAT) 




f l n = 200mA 






f — 










l„ = 150mA 






^vJ^SLOPE 
l B = lOOmAv^ 


-i' 




f- 


l B = 50m/ 

































0.5 1.0 1.5 2.0 2.5 

V CE , COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
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voltage is extremely desirable and is a function of the collector -current and 
base -current drive. Saturation voltage will increase with an increase in col- 
lector current and will also be inversely related to the gain (h FE ) of the 
transistor. 

COMMON EMITTER-CUTOFF FREQUENCY (f ae ) 

Current gainfrequency cutoff (f ae ) for the common emitter configuration, (also 
called the beta cutoff frequency) is the frequency where the small- signal, for- 
ward-current gain is . 707 of the current gain value to be found at a given ref- 
erence frequency. The . 707 point represents a 3 db. reduction in current gain. 
The common emitter cutoff frequency F a b is usually between 5 K c and 10 K c for 
power transistors. The common base frequency cutoff F aD (generally not spec- 
ified for power transistors) is approximately equal to hf e times f ae . 

SECOND BREAKDOWN VOLTAGE 

Second Breakdown Voltage, a destructive condition, was first observed when 
the first breakdown condition (V BE = 0) was allowed to continue until point "A" 
was reached as illustrated by line 4 (BVces) of Figure 7. The current was 
allowed to increase after the curve had entered into the first negative resistance 
portion and a second negative resistance occurred which switched the charac- 
teristic onto Line 7 of Figure 7. Further investigation has shown that other 
base-emitter conditions trigger second breakdown. If the base- shorted- to- the- 
emitter (VgE = 0) condition is used as a reference point, there exists a locus 
of points where second breakdown is initiated for both negative and positive 
base -to- emitter voltage conditions, which is shown by the dashed line. Thus, 
high negative base drive will cause second breakdown to be generated at much 
greater collector current by a lower collector voltage than at the VgE = 0 
point. When the base is positive, the locus is more difficult to determine since 
the trigger point lies in a negative resistance region. The exact locus varies 
considerably from one device to the next. However, if the collector diode 
breakdown and the BVCES are within specifications for the transistor, the locus 
will always be to the right of and above lines D-E and E-F shown in Figure 8. 
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Triggering second breakdown from positive base drive almost always results 
in a collector- to- emitter short or a drastically altered transistor. Negative 
drive action does not appear to be as drastic and usually the phenomenon can be 
observed repeatedly on a curve tracer. 



The exact physical reaction is still somewhat of a mystery, although the re- 
sults of other types of breakdown have been fully described. Second breakdown 
seems to result in a"channeling of current" between the collector and emitter. 
In second breakdown the collector- to-base junction exhibits certain instabilities 
when high voltage is applied. The point at which these instabilities occur is con- 
trolled by the voltage imposed on the base-to-emitter junction. This spot heat- 
ing can actually melt the germanium and allow the indium of the collector and 
the emitter to flow together producing a collector- emitter short. 



The locus of points where second breakdown occurs is independent of tempera- 
ture within normal operating ranges. However, as temperature changes, a par- 
ticular point on the locus will shift with a certain base- emitter condition. For 
instance, as temperature increases, the Vbe = 0 point will shift toward the 
IB = 0 line. This is because more IcBO flows through the internal base re- 
sistance (Rbb t ) which causes the internal base- emitter junction to see a more 
negative voltage on the base side. In fact, high I c BO current will cause the 
V BE = 0 line to lose its negative resistance portion (the tail) and approach the 
low temperature I B = 0 case. 



DETERMINATION OF PEAK POWER 



PEAK POWER DERATING CURVE 



The peak allowable power is: 



* ,c (cb)" McA(t,/t) 



Cr is a coefficient of power as obtained from the chart. Tj is 
junction temperature in °C; T A is ambient temperature in °C; 
0ic is junction to case thermal resistance in °C/W; 0<-a is case 
to ambient thermal resistance in "C/W; 6 JA is the sum of 
he + 0ca\ ti is pulse width; t is the pulse period; (t,/t) is the 
duty cycle; is a constant power dissipation and P r is 
the additional allowable pulse power dissipation above the 
amount of P™. 

The above equation is usable when a heat sink is used which 
has thermal capacity very much larger than the transistors 
thermal capacity. 

The chart is normalized with respect to the thermal time con- 
stant, which is on the order of SO milliseconds for these power 
transistors. 



EXAMPLE 

Given: 

P S8 = 10W T* = 40"C 
Pulse width (ti) = 1 msec 
Duty Cycle = 20% 
Oca = 3 °C/W 
6 JC = 0.8°C/W T, m „ = 100'C 
Solution: Enter the graph at U/- 



p J a TIME — ♦ 



msec/50msec, and 
Duty Cycle 20% . Find Ci- = 5. Solve equation 

100 _ 40- (3 + 0-8) 10 
Pp - 0^+ 3 x .2 



P P = 29 watts in addition to the steady 
10 watts resulting in 39 watts peak. 
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Figure 9 — Peak Power Derating 
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A well specified transistor data sheet will contain all of the above informa- 
tion. Some designs do not require specifications other than voltage, power 
dissipation and gain. The extreme requirements of present day industrial equip- 
ment as well as military specifications in most cases taxes the ingenuity of the 
design engineer and the time available for him to design the best equipment. 
TIME WHICH CAN BE SAVED DUE TO PROPER SPECIFICATION IS JUST AS 
IMPORTANT AS TIME SAVED DUE TO PROPER DESIGN. Because the semi- 
conductor industry is relatively new and because of the questions and problems 
that can arise involving the use of semiconductors, a design engineer can lose 
much valuable time if he is forced to discontinue design operations due to the 
lack of information. A good data sheet can clearly eliminate this delay. 
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UNDERSTANDING TRANSISTOR RESPONSE PARAMETERS 



THE RANGE OF FREQUENCIES over which a transistor performs a useful 
circuit function is limited by inherent parameters. Manufacturers' data sheets 
usually specify only one or two of these parameters, while the user may need 
others. Therefore, a clear understanding of these parameters and the relation- 
ships between them is of value evaluating transistor performance. 

Typical of such parameters is hfb (alpha, the common base a-c short-circuit 
forward current gain) . As frequency is increased, hfb remains approximately 
equal to hfbo (the value of hfb at 1 kc) . After the upper frequency limit is 
reached, hfb begins to decrease rapidly. 

The frequency at which a significant decrease in hfb occurs provides a basis 
for comparison of the expected high frequency performance of different tran- 
sistors. The common base current gain cutoff frequency, f^b, is defined as 
that frequency at which hfb is 3 db below hfbo. Expressed in magnitude, hfb at 
fojb, is 70.7 per cent of hfbo- Power gains, current gains, and voltage gains 
for a few common decibel values are found in Table 1. A curve of hfb versus 
frequency for a transistor with an f^b of 1 mc is shown in Fig. 1. 



This curve has the following signifi- 
cant characteristics: (1) at frequencies 
below f^ hfb is nearl y constant and 
approximately equal to hf bo ; (2) hfb 
begins to decrease significantly in the 
region of f ab ; (3) above f ab , the rate 
of decrease in hf^with increasing fre- 
quency approaches 6 db per octave in 
the limit. 



The curve of common base current 
gain versus frequency for any transis- 
tor has these characteristics, and the 
same general appearance as the curve 
of Fig. 1. 

The common emitter parameter 
which corresponds to f ab is f ae , the 
common emitter current gain cutoff 
frequency. By definition, i Qe is the 
frequency at which hj e (beta, the com- 
mon emitter of a-c short-circuit cur- 
rent gain), has decreased 3 db below 
hf eo (the value of hf e at 1 kc). A typi- 
cal curve of hf e versus frequency for 
a transistor with an i ae of 100 kc is 
shown in Fig. 2 . 



Table 1: Conversion table for power, 
voltage, and current ratios 
into decibels. 







Volt- 






Volt- 






age 






age 






or 






or 




Pow- 


Cur- 




Pow- 


Cur- 




er 


rent 




er 


rent 


db 


Ratio 


Ratio 


db 


Ratio 


Ratio 


0 


1.00 


1.00 


10 


10.0 


3.2 


0.5 


1.12 


1.06 


15 


31.6 


5.6 


1. 0 


1.26 


1.12 


20 


100 


10 


1.5 


1.41 


1.19 


25 


316 


18 


2.0 


1.58 


1.26 


30 


1,000 


32 


3.0 


2.00 


1.41 


40 


10,000 


100 


4.0 


2.51 


1.58 


50 


10 5 


316 


5.0 


3. 16 


1.78 


60 


10 6 


1, 000 


6.0 


3.98 


2.00 








7.0 


5.01 


2.24 








8.0 


6.31 


2.51 








9.0 


7.94 


2.82 
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o 

(A) 



POINT OF MEASUREMENT OFhn, 



0.707 h^) 
6 db PER OCTAVE SLOPE 



Otfk REPRESENTS 
VALUE OF kiw 



Ike 



10 ke 



100 kc 
FREQUENCY 

Fig. 1. Graph represents a curve of a common base 
current gain plotted against frequency variations. 




POINT OF MEASUREMENT OF h (N 

f a ,(k„ =70.7%k f J 
6 A PER OCTAVE SLOPE 



10 

' FREQUENCY IN ke 
Fig. 2. Common emitter current gain is 

plotted against frequency in the curve shown. 



This curve also has the significant characteristics listed for Fig. 1. These 
characteristics allow such a curve to be constructed for a particular transistor 
by knowing only hf e o and f ae . From the curve, hf e at any frequency could be 
determined. Furthermore, if f ae , is not known, a curve could also be con- 
structed if hfeo and hf e at any frequency above f ae were known. Thus to deter- 
mine hfe#at any frequency, it is necessary to know only hfeo and either f^e or 
hfe at some frequency f , where f is greater than fae. 

Sometimes, hfeo is needed and only hfbo is given, or vice versa. The quan- 
tities hfbo and hfeo are related by the following: 



feo 



fbo 



1 - h, 



fbo 



(1) 



fbo 



feo 



h , +1 
feo 



(2) 



Equations 1 and 2 are plotted in Fig. 3. To further facilitate computations, 
the low frequency current gain scales of Fig. 7-10 contain both an hfbo and an 
hfeo scale, and may be entered with a knowledge of either quantity. 

RELATIONSHIP BETWEEN f ae AND f ab 

Suppose two transistors are considered for a particular application where 
performance at high frequencies is of interest. The data sheets are compared 
and it is discovered that one specifies f#b and the other f cue. What prelimi- 
nary comparisons can be made from 



this without making 
measurements ? 



any laboratory 



Phillips gives a discussion of the 
relationships between f ae and f a b with 
the following result: 

f ae = K 0 ^-hfbo) f ab 
where K^is a function of excess phase 
value between 0. 5 and 1. 0. Table 2 
gives approximate values of for a 
number of transistor types. 

The value of 0.82 applies to all al- 
loy junction transistors. For high- 



IS 



30 40 50 « 



200 300 400 



,000 



tO 100 

km c.) 

Fig. 3. The relationship between h f .. and hit,, is 
given by the graph shown. 
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frequency transistors, selection of Kq is based on original design of the 
device regardless of how it may be specified later. For example, the 2N741is 
a germanium mesa amplifier which is manufactured on a switching transistor 
production line; therefore,the germanium mesa switch Kq is used for the2N741. 



The nomograms provide solutions 
for values of of 0.9, 0.8, and 
0. 6. These three values of give 
reasonable results for most trans- 
istor types, and if more specific in- 
formation for Kq is available, the re- 
sults obtained from the nomograms 
are corrected accordingly. 



The quantity f^g is normally a much 
lower frequency than f^ for the same 
transistor. For example, consider 
the 2N1141 germanium mesa ampli- 
fier. The data sheets give typical 
values i^k= 1, 000 mc andhf|3 0 = 0.98. 
K G from Table 2 is 0.80. Substituting 
in Eq. 3 yields f^g = 0. 80 (1 - 0. 98) 
1, 000 = 16 mc. 



Table 2: Approximate 
values of Kg 



Transistor Type 


K 6 


Alloy Transistor 
(GPA, Alloy Power) 


0.82 


Germanium Mesa 
Switch 


0.90 -1.0 


Germanium Epitaxial 
Mesa Amplifier 


0.80 


Germanium Non- 
Epitaxial Mesa 
Amplifier 


0.70 


Silicon Annular and 
Planar 


0.80 -1.0 


MADT 


0.60 



This result is in approximate agreement with the hf e versus frequency curve 
of the manufacturer's 2N1141 data sheet. 



GLOSSARY OF SYMBOLS 



Symbol 

h fb 

h fbo 

h, 
fe 



Definition 

Common base a-c forward current gain (alpha) 



Common emitter a-c forward current gain, 
(beta) 



l <*b 



Common base current gain cutoff frequency. 

Frequency at which hfb has decreased to a value 
3 db below hfbo- (hfb = 0. 707 hfbo) 

Common emitter current gain cutoff frequency. 
Frequency at which hf e has decreased to a value 
of 3 db below hf eo (hfe = 0. 707 hfeo) 

Gain bandwidth product. Frequency at which 
hf e = 1 (0 db) . 

Common emitter power gain 

Maximum frequency of oscillation. Frequency 
at which G e = 1 (0 db) . 

Excess phase shifter factor. Factor which is a 
function of excess phase shift of current in the 
base of a transistor. 
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For the practical application of Eq. 3, refer to Fig. 7 and 9. When any two 
of the quantities f ae 9 fob* n fbo> or hf eo are known, use the nomograms to find 
the third quantity. 

A common high-frequency parameter is fx, the gain bandwidth product and 
is defined as that frequency at which hfe = 1 (0 db). 

The value fx is sometimes specified indirectly on high-frequency transistor 
data sheets. This is done by specifying hf e at some frequency above fae, thus, 
fx is then obtained by multiplying the magnitude of hf e by the frequency of meas- 
urement. This relationship arises from the 6 db per octave characteristic of 
the hfe versus frequency curve above f«e- Since 6 db represents a current gain 
magnitude of 2, hfe is halved each time frequency is doubled, and vice versa. 
Therefore, the product of hfe and frequency on the sloping portion of the curve 
yields fx. 

For example, consider the 2N2217 silicon planar transistor. The data sheet 
gives a typical hj e of 4. 0 at 100 mc. Multiplication of h^ e times the frequency 
of measurement yields frj, = 4. 0 x 100 - 400 mc. This is in agreement with the 
data sheet which specifies a typical f T of 400 mc. 

The parameter fx is also equal to the product of hf e o and fae, expressed by 



f T = h feo x f «e < 4 > 

with hf eo known, Eq. 4 provides a simple means of finding i ae when fx is known 
or vice versa. (See Fig. 5.) 

Philips also develops the following relationship between f^ and fx: 

f T = K 0 h fbo f «b O 



where Kq is the same quantity as in Eq. 3. Notice that since K# lies between 
0. 5 and 1.0, the fx of a transistor is approximately equal to or slightly less 
than its f^b. (See Fig. 8 and 10.) 



RULES FOR DETERMINING h fo 

The following rules summarize how to determine hf e at some frequency f: 

Rulel. Whenf< f ae , h f e * h feo 
Rule 2. When f « f ae , h fe « 0. 7 h feo 

Rule 3. When f > f ae , consider hf e to be decreasing at 6 db per octave at fre- 
quency f and use Fig. 4 to find hf e . 
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db MAGNITUDE 

48 -J- 250 
.200 

-150 
40 — 100 



35_" 



30- 



25- 



15-- 



10- 



5- 



70 
60 
50 

40 
30 

, 20 
15 



20 4- 1& 

8 
7 



2 

- 1.5 



o _L i 



r 1 

__ 2 

- 5 

- 10 

- 20 

- 30 
_ 40 

- 60 

- 80 
-100 

-150 
-200 

-300 
-400 
-500 
-600 
-800 
-1000 



Fig. 4. This nomogram 
is useful in finding hfc 
when a frequency f>fa c . 



50 



100- 

150 _ 

200- 

250— 
300 — 

400 — 
500- 
600- 
700 - 
800 _ 
900- 
1000 — 

1200- 



Rule 4. (A) If hfbo not hf eo is known, use Fig. 3 find hf eo . 

(B) If fx is not known use Fig. 5 to find fx if hfeo and *ae are known 
or Fig. 8 to find fx if fab is known (Fig. 10 for MADT types) . 

(C) If f a e is not known, use Fig. 5 to find f^e if fx is known (Fig. 7 
to find f ae if *ab is known (Fig. 9 for MADT types). 

Though common emitter current gain is equal to 1 at fx, there may still be 
considerable power gain at fx due to different input and output impedance levels. 
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- 60 

- 80 

- 100 

- 159 

.200 
. 250 
. 300 

_ 400 

. 500 
. 600 

- 800 
LlOOO 



f T = h feo f «e 

h. = lKCh, 
feo 



fe 



_ 2 

3 
4 

6 
8 

10 

15 
20 

_ 30 

40 
50 



-.150 
^200 



h fe 

300- 

200_ 
150. 

100. 
80 - 

60. 
50- 
40- 

30-3 

2D. 
15. 

10 _ 
8 . 

6 , 

5 « 

4 . 



^ Fig. 5n The quantity fr 

is found from this nomogram 
once fete and h f <o are known. 



Thus, fT is not necessarily the highest useful frequency of operation of a tran- 
sistor, and an additional parameter, the maximum frequency of oscillation 
(fmax), is sometimes encountered. The term fmax is the frequency at which 
common emitter power gain is equal to 1, and is related to fT by 



max 



4 



8 7r r ' Cc 



(6) 



B 



where rg f is the base resistance and Cc is the collector capacitance. 
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A plot of common emitter power gain versus frequency also has the charac- 
teristics shown in Fig. 1. This leads to another gain bandwidth product 



f 



f yj Power Gain 



(7) 



where f is the frequency of measurement and power gain is expressed in mag- 
nitude not in decibels. Hence, fmax may be found by measuring power gain at 
some frequency on the 6 db per octave portion of the power gain versus fre- 
quency curve, and multiplying the square root of the power gain with the fre- 
quency of measurement (see Fig. 6). The symbol for common emitter power 
gain is G e . 



G 




db 


MAGNITUDE 


50 


- 100,000 


48 _ 
4B _ 


- 50,000 


44 _ 
42 _ 


— 20,000 


40 - 


10,000 


38 _ 
35 _ 


- 5,000 


34- 
32 _ 


- 2,000 


30 _ 


_ 1,000 


23 _ 
26 _ 


- 500 


24 _ 


_ 200 


22. 




20 _ 


1M 


18 _ 
16 „ 


_ 50 


14_ 
12 _ 


- 20 


10 _ 


_ 10 


8 _ 
6 _ 


_ 5 


4 _ 
2 _ 


- 2 


0 _ 


1 



L_ 1 



3 
4 

6 

8 
10 

_ 2H 

30 
40 



80 
100 



200 
300 



- 800 

— 1,000 



I- 1,500 



50 

_ EO 

70 
80 

100 

_ 150 
200 

_ 300 

400 

500 
600 

700 
800 

1,000 
1,200 

- 1,500 



^ Fig. 6. Maximum frequency 

is found from this nomogram 
knowing the frequency and 
power gain. 
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The parameters are voltage and current dependent, and operating point must 
be considered in all cases. For example, the high-frequency hf e measurement 
at one collector voltage and current must not be used to calculate f t directly 
at another voltage and/or current without considering the added effects of the 
different operating point. Most of the mesa data sheets have curves showing 
typical variations of fx with collector voltage and current. 

The parameter f ae for present mesa transistors usually lies in the region 
between 10 and 50 mc. The term hfe, measured at any frequency above this 
region is assumed on the 6 db per octave portion of hfe versus frequency curve 
and is used to calculate fx directly. 

Mesa transistor power gain measured at any frequency above 50 mc is 
assumed on the 6 db per octave portion of the power gain versus frequency 
curve and is used to calculate fmax directly. 



h fbo = 1 KC h fb h foo = 1 KC h f 



feo n fbo 

4 -T-..80 





r 1,500 








-..85 




_ 1,200 
- 1,000 


100 n 
60 - 


e 

- 100 


10 _ 


.88 
-.90 




_ 800 




- 60 




-.92 




_ 700 


40- 


- 40 




—.93 




_ 600 








-.94 




- 500 


20- 


_ 20 


20- 


-.95 




- 400 








-.96 






10 _ 


- 10 


30- 
40 - 






_ 300 


6 _ 
4 _ 


- 6 


-.97 




- 200 




- 4 


50 _ 


-.98 




- 150 


2 - 


- 2 


60 _ 








1 _ 




80 - 






- 100 


- 1 


100 _ 


-.99 


KEY TO f„„ SCALES* 






USE LEFT SCALE WITH 
FOLLOWING TRANSISTOR TYPES 


USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES 






GENERAL PURPOSE ALLOY 
ALLOY POWER 

GERMANIUM MESA AMPLIFIER 


GERMANIUM MESA SWITCH 

SILICON 
(ANNULAR / PLANAR) 


200.. 


-.995 


LEFT SCALE, K tf = 0.8 


RIGHT SCALE, K & — 0.9 


Fig. 7. Once /«» 




*F0R MADT TYPES, SEE FIG. 9 


is known this nomo- 



gram is used to 
find fae. 
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INSTRUCTIONS FOR CURVES AND NOMOGRAMS 

The nomograms assume no shift in operating point. Known parameters used 
to find an unknown must be measured at the same collector voltage and collector 
current as the desired unknown. 

Frequency scales on the nomograms are calibrated in numbers only without 
units. Furthermore, all nomograms contain two frequency scales. Decimal 
points may be shifted on the frequency scales of any nomogram as long as they 
are shifted the same amount on both scales (i. e. , both frequency scales of a 
nomogram must be multiplied by 10 to the same power) . This enables the same 
nomogram to be used for both high and low -frequency transistors. 

The nomograms assume that both power gain and current gain decrease with 
increasing frequency at a rate of 6 db per octave at high frequencies. 

All power gain and current gain scales (except hfbo and hfeo) are calibrated 
in both actual magnitudes and decibel values for convenience. 

EXAMPLE 1 

To find hf e o when hfbo is known or vice versa, enter Fig. 3 with the known 
value and read the unknown directly. Given: hfbo = 0. 96. Find: hfeo, Answer 
= 24. 

EXAMPLE 2 

Figure 4 is a nomogram of f t and hf e at some frequency f , where f > f^e- 
Given: hf e at 100 mc is 6 db. Find: hf e at 75 mc. Answer: 4, or 12 db. 

EXAMPLE 3 

There are no special instructions for the nomogram of Fig. 5, merely use it 
to find the unknown parameter when any two are known. Given: hfeo = 40 and 
f T = 400 mc. Find: 

fae« Answer: 10 mc. 

EXAMPLE 4 

Figure 6 is a nomogram of fmax and common emitter power gain measured 
at some frequency f where power gain is known to be decreasing at 6 db per 
octave. Given: power gain at 400 mc is 6 db. Find: fmax- Answer: 800 mc. 
Given: fmax = 1000 mc. Find: power gain at 250 mc. Answer: 12 db. 

EXAMPLE 5 

Fig. 7 is a nomogram of f a b, fae> and either hfbo or hfeo- To account for 
variations in this relationship with different transistor types , there are two i ae 
scales, with a guide to which one to use. Given: for a GPA transistor, f a b = 
1 mc and hfbo = 0.90. Find: f ae . Answer: 80 kc. For MADT types, see 
Fig. 9. 

EXAMPLE 6 

Figure 8 is a nomogram of f^, fcrt» either hfb 0 o r hf oe . To account for 
variations in this relationship with different transistor types, there are two fx 
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scales, withaguide to which one to use. Given: for a germanium mesa switch- 
ing transistor, fx = 400 mc and hfbo = 0.90. Find: f aD . Answer: 494 mc. 
For MAD T types, see Fig. 10. 



ctb 
1,500 

1.200 , 
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T 0 "fbo ab 
h fbo= lKCh fb 
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- .98 


30 - 
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15 _ 


_ .94 




-.92 


10 _ 






-.90 


8 _ 






_ .88 


6 - 


_ .85 
.84 




-.82 


4 - 


- .80 



KEY TO f f SCALES* 


USE LEFT SCALE WITH 
FOLLOWING TRANSISTOR TYPES 


USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES 


GENERAL PURPOSE ALLOY 
ALLOY POWER 

GERMANIUM MESA AMPLIFIER 


GERMANIUM MESA SWITCH 

SILICON 
(annular / planar ) 



LEFT SCALE. K ^ = 0.8 
•FOR MADT TYPES, SEE FIG. 9 



RIGHT SCALE, K^= 0.9 

Fig. 8. This nomogram represents fr, ft>, and 

either hfbo or hf eo . 



EXAMPLE 7 

Figure 9 is a nomogram which is identical to Fig. 7 except that it is for use 
with MADT transistors (see instructions for Fig. 7) . 

EXAMPLE 8 

Figure 10 is a nomogram which is identical to Fig. 8 except that it is for use 
with MADT transistors (see instructions for Fig. 8). 
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f = K„ (l-h„ ) f 

nip 0 v flin' i 



fbo otb 



r 1.500 
-1,200 
1.000 

- 800 

- 700 
600 
500 

- 400 

- 300 

- 200 

- 150 

_ 100 



MADT TRANSISTORS ONLY 

(K fl = 0.6) 
FOR OTHER TYPES, USE Fig. 7 
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Fig. 9. This nomogram is identical to Fig. 7 but 
is used for MADT transistors. 
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1.500. 

.1.200 . 
1.000 . 

600 . 
700 - 

600 . 

500 . 



300 _ 
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80 



. 1,000 
800 
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250 
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MADT TRANSISTORS ONLY 
FOR OTHER TYPES; USE FIG. 8 



feo fbo 

r- —j— 1.0 
100 
50 
30 



Fig. 10. Identical to Fig. 8, this nomogram is used 
only for MADT transistors. 



REFERENCE 

A. B. Phillips, "Transistor Engineering," McGraw-Hill Book Company, 
Inc., New York, N. Y. , Chapter 14. 



16-24 



Application Notes 



WHATS AND WHYS ABOUT Y-PARAMETERS 



Misconceptions concerning the use of transistor data-sheet parameters often 
confuse circuit designers. This article is designed to remove some of the haze. 
It tells why different transistor parameters appear on data sheets for different 
applications. It shows why one often chooses y parameters for high-frequency 
design and illustrates the minimum number of steps necessary to solve a prac- 
tical design problem. Clarifying examples appear throughout. 



Engineers know that if they bias a device such as a transistor to a stable d-c 
operating point and make certain a-c input and output measurements, they then 
can accurately predict its a-c behavior in many different circuits in which they 
might use it. The d-c operating point must remain the same in these circuits 
as it was when a-c input and output data were taken. It the operating point shifts, 
the transistor characteristics will change also. 

For example, if a transistor manufacturer wanted to get design data to put on 
a transistor data sheet, he might choose a d-c operating point where the tran- 
sistor was used in a common- emitter configuration with a 2 -ma collector cur- 
rent and a 5v drop across the collector -emitter contacts. (He would know from 
the size of the transistor, past experience and the way the device was made that 
this would be a satisfactory operating point.) 

The d-c circuit might look like Fig. 1. This bias circuit holds, the d-c con- 
ditions steady while a-c measurements are made. 

Circuit theory states that if one has a device, say an amplifier, with two in- 
put and two output terminals, he can predict its circuit behavior if he has enough 
data to write two equations relating a-c input and output characteristics These 
two equations take the form: 



These equations represent a device under test when it is driven from a sig- 
nal "generator" Ci and terminated with an output "generator" C2 (C 2 is nor- 
mally a passive load that "generates" nothing but absorbs power from the de- 
vice). The "signals" resulting from these "generators" are represented by Ai 
at the input and A2 at the output. See Fig. 2. 



WHY USE PARAMETERS? 



A 
A. 



L 2 



B„C, + B 12 C 2 
B 21 C, + B, 2 C 2 



(1) 
(2) 




'cc 




FIGURE 1 — TYPICAL DC BIAS CIRCUIT 



FIGURE 2 — GENERAL-CASE REPRESENTATION OF 
AC "GENERATORS" (C) AND "SIGNALS" (A) 
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WHAT DEFINES PARAMETERS ? 

The "B" coefficients of the "generator" terms Ci and C2 in Eqs. 1 and 2 are 
constant device characteristics called parameters, which do not vary so long 
as conditions such as operating point, temperature and measurement frequency- 
do not change. The units in which these coefficients are measured are deter- 
mined by the type of units that one picks for his "generators" and "signals". 
For example, if he chooses and C2 to be voltage "generators" and and 
A2 to be "signal" currents, then all four "B" coefficients have the units of i/e 
or mhos. 

To show this, look at Eq. 1. It would be easy to solve Eq. 1 for if the 
right-hand term were equal to zero. So to find Bji, set the term B12C2 equal 
to zero 1 To make B12C2 zero, one shorts C2, the output "generator" in Fig. 2. 
This forces the voltage across C2 to equal zero, since no voltage can appear 
across a short. Now Eq. 1 becomes: 

A 1 = B 11 C 1 + 0 (3) 



Solving for B^: 



When 
C, = 0 



(4) 



A^ is a current and is a voltage 



When 
C 2 = 0 



(5) 



in Eq. 5 has the unit's mhos since it is a current divided by a voltage. 
This is an admittance and we arbitrarily can call it yn if we choose. This de- 
fines Yn as the ratio of input current i-^ to input voltage e^ only when the output 
voltage is zero. By alternately making and C2 zero by shorting input and 
output voltages, it is very easy to solve Eqs. 1 and 2 for the other "B" param- 
eters. They all are equal to a current divided by a voltage, which makes them 
admittances. Our general -case input and output box has changed in this special 
case to the one shown in Fig. 3. This 
is only because the input and output 
"generators" were chosen to be volt- 
ages and the input and output "signals" 
were chosen to be currents. 



From Fig. 3, Eqs. 1 and 2 now be- 
come: . 

j i = y t i e i + yi2 e 2 < 6 > 



DEVICE 
UNDER 
MEASUREMENT 



y->i e i + y-22 e 2 



(7) 



FIGURE 3 — SPECIAL CASE WHERE "GENERATORS" 
ARE VOLTAGES AND "SIGNALS" ARE CURRENTS 
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2N918 1 

:v CB = 5»_ 

_T A =25C_ 
— I E — 5 ma 
~~ l E — 1 ma" 
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FIGURE 4 — y„. AS A FUNCTION OF FREQUENCY 
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FIGURE 5 — y 12 . AS A FUNCTION OF FREQUENCY 
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FIGURE 6 — y JU AS A FUNCTION OF FREQUENCY 
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FIGURE 7 — y 2J . AS A FUNCTION OF FREQUENCY 
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In the same manner that Eq. 5 became: 



Eqs. 6 and 7 become: 



When 
e., = 0 



(8) 



y.2 



e., 



Whe 



e, = 0 



(9) 



Whe 



e 2 = 0 



(10) 



When 
e, = 0 



(11) 



Eqs. 8 through 11 define they parameters. They tell what a- c measurements 
to make and what ratios to take to get defining y coefficients on any device. For 
Yll, the input admittance, measure the input current and input voltage with the 
output shorted so that e2 is zero. Then take the proper ratio. By similarly 
measuring input and output voltages and currents and taking required ratios, 
one can get a complete set of y parameters. 



WHY USE y PARAMETERS? 

Why pick "generators' 1 and ,T signals TT that require alternately shorting the in- 
put and output in order to make measurements? The answer is that it is often 
simpler to get a-c short-circuits at high frequencies than it is to get open cir- 
cuits. (One method of getting a-c shorts that does not disturb the d-c circuit 
is to use bypass capacitors first across the output and then across the input 
terminals. Another method uses coaxial lines, since their length can be short 
in the VHF-UHF range.) So one reason- why y parameters are used in charac- 
terizing devices at high frequencies is that this set of measurements to get all 
four "generator "coefficients is easier to make. And design equations for high- 
frequency parallel -re sonant circuits often come out in simple form for admit- 
tances when they might not for other parameters such as impedances. 



OTHER PARAMETERS 

By picking other units for "generators" and "signals" one could get equa- 
tions that were still of the same general form as Eqs. 1 and 2. But the "B" 
coefficients would have had other units. They would have served equally well 
in predicting circuit behavior, }mt it might have been harder to make measure- 
ments to determine different "B" coefficients in the high-frequency range. Al- 
so, after one gets a complete set of parameters, such as admittance parame- 
ters, he can mathematically ^manipulate these into any other set that he might 
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prefer to work with in actual circuit design. For example, if he gets a com- 
plete set of y parameters because they are easier to measure, he can trans- 
form these into a complete set of hybrid (h) parameters if it is easier to pre- 
dict circuit performance by using them. Hybrid parameters often are used for 
audio-circuit design because it is easy to measure them on transistors at low 
frequencies. 



Semiconductor manufacturers often use exotic measuring equipment to give 
high-frequency phase as well as magnitude information about their devices. 
The General Radio Model 1607A Bridge is a coaxial instrument from which one 
reads bothreal and imaginary admittance components fromabout 30 to 1500 Mc. 
It uses coaxial lines to get a-c opens or shorts and can measure hybrid as well 
as admittance parameters. The Boonton Radio Corp. Model 250A RX Meter 
gives real and imaginary components for 1/y values from 500 kc to 250 Mc. 
Capacitors provide a-c shorts for this instrument. Data sheets normally show 
average or typical data taken from a production spread of transistor parame- 
ters. Many transistor types do not have this information on the data sheet, but 
manufacturers usually will supply this information to their customers free of 
charge, if asked. 



GENERAL CALCULATIONS 

How does one use y data in circuit design? 

3 

Perhaps the most effective method first was proposed by J. G. Linvill , and 
well explained further by other authors^* ^. All of these authors outline a pow- 
erful method using y parameters to graphically represent interrelations among 
stage gain, circuit terminations and circuit stability. The graphical outlines 
are beyond the scope of this paper, but one of their results shows that if the 
device is unconditionally stable, the maximum unneutralized power gain is given 
by 



P 



where 



p 00 _ lyJ 2 



4re(y n )re(y 22 ) - 2re(y 12 y 2I ) 



(13) 



|y 21 | is the magnitude of y^ ^ 

re designates the real parts of the respective y parameters or y-parameter 
products. 

Poo/Pio is a valuable tool for the circuit designer. 

A calculation of the criticalness factor C will determine stablility. If C is 
less than 1, the device is inherently stable and cannot oscillate without external 
feedback paths (unconditional stability) . 

P Iv I 

c -*ts (ltl 
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Once C is found, K p in equation (12) is 



K G = (2) 



i - Vi - c 2 



(15) 



The maximum unneutralized gain obtainable per stage now is found by Eq. 12 
if C is less than 1. 

If C is greater than 1, Kg has no meaning and the maximum calculated stage 
gain can approach infinity. The circuit effect describing this condition is one 
of instability or oscillation. That is, if C is greater than 1, the device can os- 
cillate under certain stage terminations even though no external feedback paths 
exist. 

For the frequency ranges where the device is inherently unstable, the designer 
must carefully choose his load or output termination. One rule of thumb is to 
heavily mismatch the output admittance y22- The output load admittance is 
made much larger than y22- This is to heavily load the stage, and it means 
that the load impedance is less than the output impedance. The calculated quan- 
tity Poo/Pio is usually still within a few db of the gain to expect from a stable 
stage if one uses collector loads in the 100 to 1000-ohm range for most of to- 
day's VHF transistors. (If measured gain is much higher, one suspects regen- 
eration.) Poo/Pio forms a figure of merit useful even when C is greater than 
1 so long as unstable terminations are avoided. 

STABILITY AND GAIN CALCULATION - PRACTICAL DESIGN EXAMPLE 

Suppose one wanted to design a tuned RF amplifier at 51 Mc, the low end of 
the amateur 6-meter band, using a 2N918 silicon VHF transistor. Figs. 4 
through 7 show 2N918 y parameters plotted versus frequency for 5v Vce 211(1 
1 ma Iq at 51 Mc: 



Eqs. 16 through 19 show the real and imaginary admittance components ar- 
ranged in rectangular form. Polar forms would simplify calculating Poo/Pio 
from Eq. 13. Look at Fig. 8 to get the polar form of yn, for example. 

The magnitude of is equal to the length of the hypotenuse of a right tri- 
angle whose sides are the real and imaginary components. 0 ^ is the angle 
whose tangent is equal to 2/1 in this example (from Eq. 16). This says: 



y-22 



1.0 + j2.0 mmhos 
0 — j0.2 mmhos 
25 - jlO mmhos 



(16) 
(17) 
(18) 
(19) 



0.02 4- j0.6 mmhos 



Solving Eq. 20: 



Arc tan 0 



0, = 63.4° 



(20) 
(21) 
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Since the length of the hypotenuse of 
this right triangle is equal to the length 
of the side adjacent to 6 ± divided by 
the cosine of 6-^ 



I y.. I = 



1 



i 



2.25 (22) 



Cos 6 X Cos 63.4° 
The final vector is 

y n = 2.25 /634 0 (23 ) 

The polar form of yl2 is easy, it 
has zero real component, so #2 * s 
-90.0° (see Fig 9) 

y 12 = 0.2 /-9Q.0 0 (24) 
From Fig. 10: 



0, = Arc tan -7^- = -21.8' 



y 2 i = 



25 



25 
25 



Cos 0 3 Cos -21.8° 



Now we can calculate 



so that y 21 = 26.9 /-21.8' 



(25) 
/_-2l.8° (26) 
(27) 



h IMAGINARY AXIS i , 1 

|y,,|=— 

Cos 0 



-- 2.25 



0, = Arc tan 2 = 63.4 dec 
2 y n = 2.25 /63. 4 de< 

+ REAL AXIS 



- IMAGINARY AXIS 

FIGURE 8 — CALCULATION OF MAGNITUDE 
AND ANGLE OF y, 



■ IMAGINARY AXIS I 



|v„| 



0 2 =-90.0 deg 

y 12 0.2 / -90.0 deg 



- IMAGINARY AXIS 
FIGURE 9 — CALCULATION OF 
MAGNITUDE AND ANGLE OF y |2 



|y 2 . 



P*o 4r e(y n )re(y 22 ) -2re(y 12 y 21 ) 
P oo (26.9) 2 



(13) 



P )0 4(1) (0.02) -2re[ (0.2 /-90.0 °) (26.9 /-21.8° ) ] 
725 



0.08-2re(5.38 /- 111.8° ) 

(To multiply two vectors, multiply 
their magnitudes and add their angles.) 

To get the real part of 5.38 /-111. 8° 
for use in the denominator of Eq. 2 8, 
look at Fig. 11. 



(28) 



+ IMAGINARY AXIS 



_ 25 

Cos fl. 





0 3 =Arc tan 




*21 = 




25 




^"^L l-i 







-21.8 deg 



— IMAGINARY AXIS 

FIGURE 10 — CALCULATION OF 
MAGNITUDE AND ANGLE OF y 2| 
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re(y 12 y 21 ) = 5.38 sin 21.8° =- 2.00 



so 



725 



0.08 - 2 (-2.00) 



= 178 



(29) 
(30) 



To determine stability 



C = 2 



P,- 0 |y« 



C = 2 (178) 



0.2 
26.9 



2.64 



(14) 



(31) 



+ IMAGINARY AXIS 



Vi2 V 2 » =5.38 




(y 12 y 2 j)=-5.38 Sin o 6 

0 6 =2].E deg 

(y, 2 y 21 )=-2.o 



- IMAGINARY AXIS 



FIGURE 11— CALCULATION OF 
REAL COMPONENT OF (y l2 y 21 ) 



Since C is larger than 1, the 2N918 
will be inherently unstable in our 51- 
Mc circuit and calculations for Kq in 
Eqs. 12 and 15 will not hold. If C had 
been less than 1, we could. have found 
Apjp M , the maximum possible for- 
ward power gain for the amplifier, by 
using Eqs. 12 and 15. 

OUTPUT-CIRCUIT DESIGN 

Experience has shown that if one heavily mismatches the transistor output, 
the stage likely will be stable. Many transistors require collector loads in the 
range between 100 and 1000 ohms: 500 ohms is a good starting point. The de- 
signer likely will use a tuned circuit to get rid of any imaginary components. 

Most 51-Mc coils with ferrite tunable slugs have values of unloaded Q u in the 
50-100 range. To keep coil losses small, the loaded Ql should be much less 
than unloaded Q u . Qj_, equal to 5 is a reasonable value. 

This determines the collector-circuit bandwidth (neglecting the input circuit, 
which will reduce overall stage bandwidth if it also is tuned). 



coli Q, 5 



10 Mc 



(32) 



This will make the amplifier usable over the low end of the 6 -meter band. 



To insure Ql = 5, examine the cir- 
cuit shown in Fig. 12. The total par- 
allel resistance across the tuned cir- 
cuit is the transistor output resistance 
in parallel with the load. Assume 
the load is 500 ohms and smaller than 
the output resistance. Calculate the 
value of parallel capacitance to get an 
approximate Qj_, of 5: 



R pl IS TRANSFORMED 
PARALLEL 
EQUIVALENT OF I ° °" 
R L APPEARING /pJ 
ACROSS 
COLLECTOR 

CIRCUIT ' O O 



FIGURE 12 — EQUIVALENT 




Cp 27Tf R 



2(3.14)51 (10) 6 (500) 



31 pf 



(33) 
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where f = resonant frequency in cps 
Rp = parallel resistance in ohms 

Total parallel capacitance should be 31 pf. Transistor capacitance is about 2 
pf, C2 (Eq. 35) is about 20 pf and stray wiring capacitance is about 2 pf. These 
all contribute to total capacitance, so add a variable capacitor across the cir- 
cuit that will vary from about 5-20 pf to insure that it can tune to resonance. 

What value of inductance will resonate with 31 pf at 51 Mc? 
L 

P 4**f 0 »C p 

1 

0.31 fih (34) 



4(9.86) (2600)10 12 31(10)- 12 



Suppose now we want to match the collector load into 50 ohms, C2 in Fig. 12 
should be: 



1 1 

C, = 



= ] V = 21 pf (35) 

27r(51)10 6 v 50(500 - 50) 

Use 20 pf since this is a standard size. This value of C2 insures that the 50- 
ohm load is transformed into the 500-ohm equivalent load desired across the 
collector circuit for stability. 

INPUT-CIRCUIT DESIGN 

Add a tuned circuit to the input for 
selectivity and matching. Fig. 13 
shows a matching circuit to transform 

50 ohms into 500 ohms to match figure 13 — equivalent ac input circuit 




2 \re(v.,) / 



re(y n ) 

Since the transistor is terminated in 500 ohms instead of a short-circuit its 
input resistance drops below 



1 

re(y n ) 



Set the resistive component across the input circuit due to the transformed 
generator impedance to 500 ohms. Cl is 20 pf, the same as C2, since the de- 
sired impedance transformation is the same. These 500 ohms are in parallel 
now with approximately 
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-I- 1 -) 

2 \re(y H )/ 



across the input coil. The total parallel resistance across the coil then is 

(5 00) (500) 

= "500T&00" - 250 ° hmS (36) 

Use Rp2 to calculate Ql for the input similar to the calculations for the col- 
lector circuit. Let Ql = 10 for higher input selectivity. 

Q L input 



C input = _ 
2nf 0 R p2 



(6.28)(51)(10) 6 (250) 
Make the input variable capacitor tune 75-200 pf. 

1 

p input 

1 



10 = 125 pf (37) 



L input = — 
p 47r 2 f 0 2 C p input 



(4)(9.86)(51) 2 (10) ,2 (125)(10)- 12 
= 0.07jLth (38) 



If the generator impedance should have been transformed into something other 
than 500 ohms, the designer could have calculated Ci from: 



1 



M) Ken( R n transformed - R 



(39) 



DC CIRCUIT DESIGN 

D-c bias design remains. See Fig. 
14. Say a 6v battery is specified. 
With 5v across the collector -emitter, 
lv is available to drop across an ~1 
emitter resistor. For 1 ma Ig, the R, ~j 4 ' v 
emitter resistor must be: ~1 



V F lv 

R 4 = — = — 

\ E 1 X 10~ 3 amp 



= lk (40) 



The base voltage VR2 will be the emit- 
ter voltage VR4plus Vgg. Since Vg^ 
is about 0. 7vfor a silicon transistor, 



FIGURE 14 — DC BIAS RESISTORS 
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this sum is about l,7v. The base divider network Ri and R2 must give 1.7v 
on the transistor base. Also, the current in R2 should be about 1/4 I E (or 
larger) for d-c temperature stability. 



Let \ R2 = I_/4 = 0.25 



V m = 1.7v 



1.7 



0.25 x 10-' 



= 6.8k 



(41) 



If hjr-E (d-c beta) is high, the current through R^ will nearly equal the current 
through R2. If h F g is low, say 10, then 



1 -J* 



1 ma 

"To" 



= 0.1 ma 



(42) 



The current through R p 

1 ri = l R2 + 1 b = °- 25 + °- 10 = °- 35 ma 

The voltage drop across R, is 
V 

V 



V„ = V cc - V, 2 = 6.0v 



- 1.7v = 4.3v 



R - Rl 

> ~ 1 



4.3 



0.35 x 10- 3 



12k 



(43) 

(44) 
(45) 



Bypass capacitors can be 0.001-|mf ceramic discs if their leads are less than 
1/4 inch. If their leads are longer, the capacitors could be operating above 
the point of series resonance with their own lead inductance. They then would 
look inductive at this high frequency instead of capacitive. Fig. 15 lists reso- 
nant frequencies for some typical 
capacitor values with 1/4-inch leads. 
Each capacitor value should be used 
below its resonant frequency to avoid 
parasitic resonances. 

FINAL CALCULATIONS 

This completes the RF amplifier 
design. Fig. 16 shows the complete 
circuit. Fig. 17 shows measured 
data on this circuit. Average power 
gain on five transistors is 22.7 db. 
This compares with the calculated 
figure of merit. 



CAPACITANCE (^f) 


MAXIMUM BYPASS 
FREQUENCY (RESONANCES 


0.1 


5 Mc 


0 01 


16 Mc 


0.004 


25 Mc 


0.001 


50 Mc 


200 pf 


110 Mc 


100 pf 


160 Mc 



FIGURE 15 — APPROXIMATE RESONANT FREQUENCY 
OF CAPACITORS WITH TWO Vi-INCH LEADS 



rf- (db) = 10 ]og, 0 
r io to 

= 10 1og 10 (178) = 22.5 db 



(46) 
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Normally P 00 /P io will be within a 
few db of realizable stage gain for 
stable load terminations . If measured 
gain is considerably higher than Poo/ 
Pio, one should check the stage for 
regeneration. In the case of regen- 
eration, a smaller Rpi may be re- 
quired. This is obtained by increas- 
ing C2 in Fig. 12. 

Calculated bandwidth for the two 
cascaded single -tuned circuits (input 
and output) is 



Overall BW = 



f 



Unless otherwise indicated, 

component values are: 
resistors: ohms 
capacitors: decimals —> nf 

no decimals - • pf 
inductors: mh 12k 




20 pf 



FIGURE 16 — COMPLETE 51 Mc AMPLIFIER 



51 



(-0.75) = - (0.75; 



= 3.8 Mc 



(47) 





TRANSISTOR 


TRANSDUCER 


BW 




NO. 


POWER GAIN(db) 


Mc 


2N918 


1 


239 


2.6 


( =51 Mc 


2 


20.7 


3 6 


V CE = 5v 


3 


22.9 


3.1 






23.6 


3.1 




5 


22.6 


3.5 






22 7 db 


3.2Mc 



FIGURE 17 — MEASURED VALUES 
FOR 51 Mc AMPLIFIER 



Calculated bandwidth and gain vary 
slightly from measured values. This 
could be because individual transistor 
admittances vary from unit to unit. 
Also, the transistors measured in the 
circuit shown in Fig. 16 were not the 
identical units on which the original 
y-parameter data were taken for Figs. 
4 through 7. Since the measured gain 

was slightly higher than calculated gain and since the measured bandwidth was 
slightly less than calculated for most of the transistors, the amplifier is likely 
operating slightly regenerative. No oscillations occurred, but if the amplifier 
were to be operated over a temperature range where parameter changes could 
occur, increased collector loading on the order of 250 ohms (instead of the 500 
ohms used) would increase circuit stability. This would only slightly decrease 
the gain (3 db or less). 

More exact circuit predictions are possible by using some of the graphical 
methods referenced earlier. But they are considerably more involved than the 
methods shown. If the output mismatch is enough to make the device stable and 
retain gain nearly equal to P 0 o/^io? ^°^ n methods generally yield similar results. 
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DETERMINING MAXIMUM RELIABLE LOAD LINES 
FOR POWER TRANSISTORS 



Operation of power transistors within their power -temperature ratings alone 
is not a sufficient safeguard to guarantee circuit reliability. An additional con- 
sideration of the allowable collector -emitter voltage vs. collector current must 
be taken into account, otherwise a distinctive condition termed "secondary 
breakdown" can occur. 

To avoid this secondary breakdown condition, it is necessary to maintain the 
load line within safe voltage and current limits. 

As described later, secondary breakdown is a function of time in addition to 
voltage or current and, since transistors can be operated at an infinite number 
of time intervals and operating points, reliable load line operation is specified 
by safe operating areas including time as a parameter. 

SECONDARY BREAKDOWN 

For a fixed bias on the base-emitter junction, as collector voltage is in- 
creased on a power transistor the collector current increases slowly to a cer- 
tain point at which the increase becomes rapid and an avalanche condition exists. 
The collector voltage at which avalanche occurs is determined by the voltage 
condition across the emitter -base junction. In other words, the transistor bias 
condition determines the point of avalanche. Avalanche in itself is nondestruc- 
tive if power dissipation is limited, but a destructive breakdown can occur if 
the collector current is allowed to increase to a high value. This is called 
"second breakdown" 2, 3. 



Second breakdown is associated with the collector -base junction, and is con- 
trolled by the mitter-base junction. The electrical interplay of the junctions 
is such that second breakdown is triggered at lower voltages as collector cur- 
rent is increased. The locus of secondary breakdown trigger points is shown 
in Figure 1 for a 1/2 wave 60 cps pulse. 



The exact action of second break- 
down is not known but seems to be 
associated with a sudden concentra - 
tion of energy into a small area, the 
energy being a function of collector 
voltage, collector current, and time. 
This concentrated energy dissipates 
power in a very small volume which 
causes the temperature to exceed the 
melting point of the semiconductor 
material. The two junctions can then 
flow together causing a collector-to- 
emitter short. 




Fig. 1. Locus of trigger points. 
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PULSE TEST 

To establish safe operating areas, through destructive testing, for various 
pulse widths, the test circuit shown in Fig. 2 was developed. In this circuit, 
a reverse bias sufficient to keep the transistor cut off until the pulse is applied, 
is always present between base and emitter. The 10 -ohm resistor in the bias 
circuit is necessary to permit a negative voltage to build up and turn on the 
transistor when the pulse is applied. 

The pulse test signal is obtained 
from a pulse generator and a tran- 
sistor amplifier. The amplifier tran- 
sistor must be a high-speed german- 
ium device such as a 2N2832. The 
pulse amplitude is controlled by set- 
ting the output of the pulse generator 
high enough to saturate the amplifier 
transistor. The signal into the tran- 
sistor under test is controlled by 
varying the collector supply voltage. 

The output waveform is monitored 
on an XY oscilloscope across a sens- 
ing resistor which is made from Can- 
thol type A-l flat ribbon. A 0. 1-ohm 
sensing resistor is used for collector 
currents below five amperes and a 
0. 01 -ohm sensing resistor is used at 
higher collector currents. 

To keep the voltage drop in the interconnecting wiring to a negligible value, 
number 10 wire is used for circuit connections and number 4 stranded cable is 
employed for connecting to the batteries used as the voltage source. 

The 500 Mf capacitor bypasses voltage transients resulting from the rapid 
change of current through the inductance of the connecting leads. The fuse or 
circuit breaker is necessary to prevent burning out the sensing resistor or other 
components when the transistor shorts. 

The source voltage is set at a fixed level in steps of 12 volts each. Collector 
current is increased by increasing the base drive until second breakdown oc- 
curs. A short occurs, since no current limiting is used. 

PLOT OF BREAKDOWNS 

The voltage and current failure point is observed on the XY scope and re- 
corded on a graph similar to Fig. 3. To establish a usable safe area curve, 
at least 5 to 10 transistors are tested and destroyed at each pulse width and 
voltage. To construct the safe area curve on the graph, a line is drawn con- 
necting the worst -case points of each voltage group. 

Notice that, regardless of the pulse width, as current is increased the device 
will withstand less voltage. 

Using an average of the failure points from Fig. 3, the typical graph of energy 
in watt -seconds required for second breakdown is plotted in Fig. 4. The shape 
of these curves is logical since as current increases the effective emitter area 
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decreases and as voltage increases the effective base width decreases. Thus, 
as current and voltage increase there is a continuous shrinking of the active 
volume containing the energy. 




It is difficult to relate the results theoretically, due to all the variables which 
affect current crowding, although the effect of base width changing with voltage 
is a well-known expression. Also, since base width decreases with voltage, the 
effective base resistance increases due to the transverse area shrinking, which 
intensifies the current crowding. 



DC TESTS 



The test circuit used to determine 
failures under dc and long-time pulse 
conditions is shown in Fig. 5. A com- 
mon-base circuit is used for this test 
to prevent thermal runaway. 

Also, since power levels approach- 
ing 200 watts may be encountered dur- 
ing tests, a water-cooled heat sink is 
necessary. The heat sink consists of 
a 4" X 4" X 1/8" copper sheet with a 
"U" shaped copper tubing soldered 
to it around the transistor mounting 
area. Ice water is circulated through 
the tubing to remove heat from the 
copper plate. 




Fig. 5. Circuit used to establish dc safe operating areas. 
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The dc failure points were determined in a similar manner as previously 
described for the pulse tests. 

POWER-TEMPERATURE DERATING vs SAFE AREA 

This application note shows safe area curves for many Power Transistors 
and includes de -ratings due to temperature effects. In addition to the Safe Areas, 
a power dissipation curve is plotted for each device. This power curve repre- 
sents the allowable average power which could be dissipated at a given case 
temperature (usually 25 °C) without exceeding the particular maximum junction 
temperature. At higher case temperatures the allowable average power will be 
less depending on thermal resistance and the power area would be represented 
by a curve drawn to the left and below the one shown. In general, the allowable 
power at 25 °C (case) is beyond the allowable dc and longtime pulse safe areas 
and the device is breakdown -voltage limited. However, at higher case temper- 
atures the device may be power -dissipation limited. 

In any event, both average power -temperature de -rating and safe areas must 
be obeyed. In addition, the switching of power causes time -dependent tem- 
perature increases which are of concern but are separate from the safe area 
considerations. 

This temperature dependency is associated with the thermal time constant of 
the transistor. 



The proper control of temperature rise and peak power will insure that the 
maximum junction temperature is not exceeded. In addition, the proper control 
of pulse load line to stay within the applicable Safe Area curve will insure that 
a collector to emitter short will not be caused. 

EXTENSION TO COLLECTOR-BASE BREAKDOWN 

Some devices have a collector -base breakdown rating greater than the 
collector -emitter breakdown. Operation is allowable in the region between 
VcE(max) and Vc B(m ax) ; however, it is recommended that the current be kept 
as low as possible by back biasing of the base-emitter junction. 

APPLICATION CHECKS 

The safe areas were double checked in the following applications to see if the 
pulse safe area curves were meaningful: (1) audio, (2) solenoid driver, (3) power 
inverter, and for dc safe area, (4) low frequency audio and dc regulators. 

(1) Audio 

The audio application was used to test low -frequency effects which should 
correlate with the 5 millisecond safe areas. Devices were put into the class A 
circuit shown in Fig. 6, with an ac resistive load, the dc being bypassed by a 
shunt inductance. The input was deliberately overdriven and then the load re- 
sistor removed to obtain a reactive load line. 

It was hoped that an elliptical load line could be obtained with an excursion 
controlled by drive voltage and with time of the excursion controlled by fre- 
quency. While this did occur, the excursion was very low at high frequencies 
and thus the fast pulse areas could not be probed. At frequencies between 50- 
200 cps, a large excursion was possible and failures were caused by exceeding 
the 5 msec safe area curve. 
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(2) Solenoid Driver 

The solenoid driver consisted of controlling the load line with a suppression 
diode across the inductance or a zener diode across the transistor. The diode 
across the inductance clamps the load line excursion at the dc source voltage as 
indicated in Fig. 7. The zener diode method resulted in a rectangular load line 
as indicated in Fig. 8 and clamping occurs at the zener voltage. 

A word of caution is necessary concerning this application. The fast switch- 
ing can cause induced voltage in long lead lengths to the power supply. Thus, 
it is necessary to connect the suppression diode as close to the collector as 
possible and use a clamping capacitor from the emitter to the connecting point 
of the diode and inductance. When using the zener diode it should be soldered 
as close to the emitter and collector pin as possible. No failures occurred when 
the load line was contained within the 25-/isec safe area curve. 

(3) Power Inverters 

One of the most critical operations of power transistors is in inverter cir- 
cuits similar to that shown in Fig. 9. A typical inverter circuit was used to 
test several types of power transistors. The load line was observed while hold- 
ing the peak current constant and increasing the voltage until failures occurred. 
Then the current was increased at a constant supply voltage until failures were 
encountered. Cases of failure occurred after the load line was well beyond the 
25-/j.sec safe area. 





Fig. 7 Circuit for a tran- 
sistor solenoid driver with 
diode suppression. 



Fig. 8. Circuit for transis- 
torized solenoid driver with 
zener diode. 
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Fig. 9. Circuit arrangement 
for inverter. 



(4) DC and Low Frequency Audio 

In dc applications such as voltage regulators and in low frequency (below 100 
cycle) audio circuits, the dc safe -area curve in conjunction with the power - 
temperature derating curve establishes reliable operating limits. Depending 
upon the device type and case temperature, the load line may be limited by 
either the power dissipation rating or the dc safe-area rating. In some in- 
stances, the dc safe limit and the power dissipation limit can cross. In this 
case, the load line limit would be established at low currents and high voltage 
by the dc safe limit and by the power dissipation limit at high current and low 
voltage. 

The above discussion also applies to low duty cycle surge conditions such as 
encountered in incandescent lamp flashers where low initial resistance of the 
lamp permits a high -current surge for 50 to 100 milliseconds. This can trigger 
secondary breakdown even though succeeding current pulses are very low after 
the lamp resistance increases. 
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RF SMALL SIGNAL DESIGN USING ADMITTANCE PARAMETERS 
INTRODUCTION 

Design of the solid-state small-signal RF amplifier using two port param- 
eters is a systematic, mathematical procedure, with an exact solution (free 
from approximation) available for the complete design problem. The only- 
sources of error in the final design are parameter variations resulting from 
transistor parameter distributions and strays in the physical circuit. Param- 
eter distributions result from limits in measurement and random variations 
among identically designed transistors. 

The purpose of this paper is to provide, in a single working reference, the 
important relationships necessary for the complete solution of the RF small 
signal design problem using admittance parameters. 

The paper is based on work "by Linvill, Stern, and others. Those who may 
wish to consider the derivations of some of the expressions should refer to the 
original work presented in the references. 

The report assumes that the reader is familiar with the two port parameter 
method of describing a linear active network. Several references are available 
on this subject. 2 

It has also been assumed that a suitable transistor for the task at hand has 
been selected, and that admittance parameters are available for the frequency 
and bias point which will be used. Device selection will not be covered as a 
separate topic in this report; rather, a thorough understanding of the material 
in the report should provide the designer with the tools he needs to select tran- 
sistors for a particular small signal application. 

The equations given in the text of the report are applicable to the common 
emitter, common base, or common collector configuration, if the applicable 
set of parameters (common emitter, common base, or common collector pa- 
rameters) is used. 

While directed primarily toward circuit design with conventional junction 
transistors, two port network theory has the advantage of being applicable to 
any linear active network. The same design approach and equations may there- 
fore be used with field effect transistors or any other devices which may be de- 
scribed as a linear active two port network with measurable parameters. 

Finally, various parameter interrelationships and other data are given in the 
Appendix. 

GENERAL DESIGN CONSIDERATIONS 

Design of the RF small signal tuned amplifier is usually based on a require- 
ment for a specified power gain at a given frequency. Other design goals in- 
clude bandwidth, stability, and input-output isolation. After a basic circuit 
type is selected, the applicable design equations can be solved. 

Circuits may be categorized according to feedback (neutralization, unilater- 
alization, or no feedback), and matching at transistor terminals (circuit admit- 
tances either matched or mismatched to transistor input and output admittances). 
Each of these circuit categories will be discussed, including the applicable de- 
sign equations and the considerations leading to the selection of a particular 
configuration. 
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STABILITY 

A major factor in the overall design is the potential stability of the transis- 
tor. This may be determined by computing the Linvill stability factor 2 C using 
the following expression: 

c ._ 

2g n g 22 - Re (y 12 y 21 ) 

When C is less than 1, the transistor is unconditionally stable. When C is 
greater than 1, the transistor is potentially unstable. 



The C factor is a test for stability under a hypothetical worst case condition; 
that is, ,with both input and output transistor terminals open circuited. With no 
external feedback, an unconditionally stable transistor will not oscillate with 
any combination of source and load. If a transistor is potentially unstable, cer- 
tain source and load combinations will produce oscillations. 



Although the C factor may be used to determine the potential stability of a 
transistor, the conditions of open circuited source and load which are assumed 
in theC factor test are notapplicable to a practical amplifier. Consequently it 
is also desirable to compute the relative stability of actual amplifier circuits, 
and Stern^ has defined a stability factor k for this purpose. The k factor is 
similar to the C factor except that it also takes into account finite source and 
load admittances connected to the transistor. The expression for k is: f 

2 ^1 + G s> <S 2 2 +G L> 
k = (2) 

1*12*211 + (y 12 y 21> 

If k is greater than one, the circuit will be stable. If k is less than one, the 
circuit will be unstable. 



Note that the C factor simply predicts potential stability of a transistor with 
an open circuited source and load, while the k factor provides a precise stabil- 
ity computation for a specific circuit. 



Stability considerations will be discussed further in the descriptions of each 
basic circuit type to follow. 



GENERAL DESIGN EQUATIONS 

There are a number of design equations which are applicable to most types 
of amplifiers. These equations will be discussed first. Descriptions of spe- 
cific amplifier types will then follow, and each will contain additional design 
equations applicable to that particular amplifier. 

"^Re (Y 1 9 Y ) = Real part of (Y-oYo-) 
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POWER GAIN 

The general expression for power gain is: 



y 2 2 



Re (y n - y 12 y 21 ) 
y 22 +Y L 



(3) 



Equation 3 applies to circuits with no external feedback. It can also be used 
with circuits which have external feedback if the composite y parameters of 
both transistor and feedback network are substituted for the transistor y pa- 
rameters in the equation. The composite y parameters are determined by con- 
sidering the transistor and the feedback network to be two "black boxes" in 
parallel: 



For example, the above combina- 
tion of transistor and feedback net- 
work may be characterized as a sin- 
gle TT black box" by the following 
equations: "f 



Feedback 
Network 



I New 
| "Black 
I Box" 

I 
I 



y 12c = y 12t + y 12f 
y 21c = y 21t + y 21f 
y 22c = y 22t + y 22f 



(4) 



Where: 

yilo v 12c> v 21c> v 22c are tne composite y parameters of the parallel com- 
bination of transistor and feedback network. 

y llt> y 12t> y 21t> v 22t are the y P arame ters of the transistor. 

yilfj yi2f> v 21f> y22f are the y P arame ters ° f the feedback network. 

Note that, since this approach treats the transistor and feedback network 
combination as a single "black box" with yilc, yi2c, y21c, and y22c as its y 
parameters, the composite y parameters may therefore be substituted in any 
of the design equations applicable to a linear, active, two port analysis. 

The neutralized and unilateralized amplifiers are special cases of this gen- 
eral concept, and equations associated with those special cases will be given 
later. 

Equation 3 provides a solution for power gain of the linear active network 
(transistor) only. Input and output networks are considered to be part of the 

^Refer to Seshu and Balabanian, "Linear Network Analysis, " John Wiley and 
Sons, 1959, P321 
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source and load, respectively. Two important points should therefore be kept 
in mind: 

(1) Power gain computed from equation 3 will not take into account network 
losses. Input network loss reduces power delivered to the transistor. 
Power lost in the output network is computed as useful power output, 
since the load admittance Yj_, is the combination of the output network and 
its load. 

(2) Power gain is independent of source admittance. An input mismatch re- 
sults in less input power being delivered to the transistor. Accordingly, 
note that equation 3 does not contain the term Y s . 

The power gain of a transistor together with its associated input and output 
networks may be computed by measuring the input and output network losses, 
and subtracting them from the power gain computed with equation 3. 

In some cases it may be desirable to include the effects of input matching in 
power gain computations. A convenient term is transducer gain G^, defined as 
output power delivered to a load by the transistor, divided by the maximum in- 
put power available from the source. 

The equation for transducer gain is: 

4 Re (Y a ) Re (Yj) \v n \ 2 

q _ g ' ' 

T_ 1^11 + V ^22 + T L> " y l2 y 2l| 

In this equation, Yl is the composite transistor load admittance -composed of 
both output network and its load, and Y g is the composite transistor source 
admittance -composed of both input network and its source. Therefore, trans- 
ducer gain includes the effects of the degree of admittance match at the tran- 
sistor input terminals but does not take into account input and output network 
losses. 

As in equation 3, the composite y parameters of a transistor feedback net- 
work combination may be substituted for the transistor y parameters when such 
a combination is used. 

The Maximum Available Gain MAG is an often used transistor figure-of- 
merit. The MAG is the theoretical power gain of a transistor with its reverse 
transfer admittance y^2 set equal to zero, and its source and load admittances 
conjugately matched to y-Q and y22> respectively. 

If = 0, the transistor exhibits an input admittance equal to yn and an 
output admittance equal to y22«^ Tne equation for MAG is, therefore, obtained 
by solving the general power gain expression, equation 3, with the conditions 

yi2 = 0 

y L = y 22 
andy s = yil * 



T Obtained by solving the equations for transistor Yj^ and Yqjj T with y ^ equal 
to zero. These equations are given later in the report. 
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H 2 

(6) 

4 Re (y-J Re (y„,) 



MAG is a figure of merit only, since it is physically impossible to reduce yi2 
to zero without changing the other parameters of the transistor. An external 
feedback network may be used to achieve a composite y^ of zero, but then the 
other composite parameters will also be modified according to the relationships 
given in the discussion of the composite transistor - feedback network "black 
box. " 



TRANSISTOR INPUT AND OUTPUT ADMITTANCES 

The expression for the input admittance of a transistor is: 



y i2 y 21 

y in = y n " - — 

y 22 + *L 



The expression for the output admittance of a transistor is: 



y 12 y 21 

y out x y 2 2 — < 8) 

yii + Y o 



When the feedback parameter yi2 is not zero, Y IN is dependent on load ad- 
mittance and Yqu T is dependent on source admittance. 

AMPLIFIER STABILITY 

One of the major considerations in RF amplifier design is stability. The sta- 
bility of a final design can be assured by including stability computations and 
considering stability in all design decisions relating to feedback and transistor 
source and load admittances. 

The potential stability of the transistor should first be computed using 
equation 1. 

The various alternatives concerning input -output matching andneutralization- 
unilateralization will now be discussed for both the unconditionally stable tran- 
sistor and the potentially unstable transistor. 

THE UNCONDITIONALLY STABLE TRANSISTOR 

When the Linvill stability factor of the transistor as determined by equation 
1 is less than one, the transistor is unconditionally stable. Oscillations will 
not occur using any combination of source and load admittances without exter- 
nal feedback. Stability is therefore eliminated as a factor in the remainder of 
the design, and complete freedom is possible with regard to matching and neu- 
tralization to optimize the amplifier for other performance requirements. 
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AMPLIFIERS WITHOUT FEEDBACK 

The amplifier with no feedback is a logical choice for the unconditionally sta- 
ble transistor in many applications since it may offer the advantages of fewer 
components and a simple tuning procedure. 

Source and load admittances may be selected for maximum gain and/or any 
number of other requirements. Power gain and transducer gain may be com- 
puted using equations 3 and 5, respectively; input and output admittances may 
be computed using equations 7 and 8, respectively. 

The amplifier stability factor may be computed using equation 2. While am- 
plifier stability was assured from the beginning by the use of an unconditionally 
stable transistor, the designer may still wish to perform this computation to 
provide some insight into danger of instability under adverse environmental 
conditions, source and load variations, etc. 

Gmax 

G max , the highest transducer gain possible without external feedback, forms 
a special case of the no feedback amplifier. 

The source and load admittances required to achieve G max may be computed 
from the following: 

G s = 2 Re(y 22 ) | I 2 Re (y H } Re (y 22> " Re ^21> 1 

_ , , Im( y2i y i2 ) 

B = - lm(y ) + 

11 2 Re <y 22 > 



G L = 2 Re( yil ) ( I 2 Re frll* Re (y 22> " Re ^^l* I 2 

lm(y 21 y 12 ) 

B = - lm(y ) + 

22 2 Re(y n ) 



Therefore, if the maximum possible power gain without feedback is desired 
for an amplifier, equations 9, 10, 11, and 12 are used to compute Y s and Y]> 

The magnitude of G max may be computed from the following expression: 



- yi 2 y 2 i 



1*12*21 I ' 



(9) 



(10) 



(id 



(12) 



I I 2 

Jhil 1 ( i3) 



2 Re(y n ) Re(y 22 ) - Re'(y 12 7 21 )+ [ 2 Re(7 n ) Re(y 22 ) - Re(y 12 y 21 )J - ^2^21' 



Equations 9, 10, 11, and 12 can be obtained by differentiating equation 5 with 
respect to G s , B g , G L , and B L , and setting the four derivatives equal to zero. 
The G s , B s , G L , and B L thus computed can then be substituted in equation 5 to 
obtain the expression for G max , equation 13. 
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THE LINVILL METHOD 

The amplifier without feedback design problem may also be solved graphi- 
cally using a technique developed by J. G. Linvill. "J" Lin villus technique is very 
useful for a certain class of problems. Since it is so fully discussed in many 
good references we willnot go into it further here. An advantage of the Linvill 
technique is that it provides a reasonably rapid graphic solution relating gain, 
bandwidth, and stability. A disadvantage is its scope of usefulness, since the 
standard Linvill solution applies only to an amplifier with no external feedback 
and with Y s conjugately matched to the transistor input admittance, Y^. 

THE UNILATERIZED AMPLIFIER 

Unilateralization consists of employing an external feedback network to 
achieve a composite yi2 of zero. 

While unilateralization is perhaps most often used to achieve stability with a 
potentially unstable transistor, other circuit considerations may also warrant 
the use of unilateralization with the unconditionally stable transistor. For ex- 
ample, the input -output isolation afforded by unilateralization maybe desirable 
in a particular design. 

Design equations for the unilateralized case are obtained by first computing 
the composite y parameters of the transistor -feedback network combination and 
then substituting the composite parameters in the general equations. 

Referring to the discussion on composite y parameters and setting up the ba- 
sic condition that y^2c mus t equal zero, the other composite y parameters can 
be computed. Assuming that a passive feedback network is being used, then 





y llf = 


y 22£ " " y l2f 


~ y 21f 


and since 


y 12c = 


°' y 12t + y 12£ 


= 0 


then 


y 12t = 


-y 12f' 




and 


y m = 


" y i2f = Y llf = 


y 22f = ~ y 21f 



Substituting the above results in equation 4 yields the following: 

y llc = y llt + y 12t 
y 22c = y 22t + y 12t 
y 12c = y 12t " y 12t = 0 
y 21c = y 21t " y 12t 



Substituting these composite y parameters in equations 7, 8, 3, 16, and 5 re- 
spectively, yields equations 14, 15, 16, 17 and 18 for the unilateralized case: 

Unilateralized input admittance 

Y IN = y ll + y 12 (14) 

^Application Note AN166 Motorola Semiconductor Pro- 
ducts, Inc. Dept TIC, 5005 E. McDowell Rd., Phoenix, 
Arizona. See also reference 6 in the bibliography. 
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Unilateralized output admittance 

Y OUT =y 22 + y l2 



(15) 



Unilateralized power gain, general expression: 

| y 2i - ^12! 2 Re(Y L> 

G ^ = r — n — (16) 

| y l + y 22 + y i 2 | **k n ) 
Unilateralized power gain with Y L conjugately matched to Yqut : 

I I 2 

y 21 - y 12 

G = _! ! (17) 

4Re(y n + y J2 ) (y 22 + y 12 ) 

Unilateralized transducer gain: 

4 Re(Y s ) Re(Y L ) |y ai -7 12 | 2 

g tu = -: r~ 2 < 18 > 

| (y ll + y 12 + y s } (y 22 + y 12 + VI 

Note that equations 14, 15, 16, 17, and 18, are given entirely in terms of the 
transistor y parameters, not those of the feedback network or the composite. 

Another benefit of unilateralization is input- output isolation. As can be seen 
in equations 14 and 15, Yin is completely independent of Yl, and YquT i- s sim- 
ilarly independent of Y s . In a practical sense, this means that in a single or 
multi-stage amplifier using unilateralized stages, tuning of any one network 
will not affect tuning in other parts of the circuit. Thus, the troublesome task 
of having to re-peak an entire amplifier following a change in tuning at a single 
point can be eliminated. 



NEUTRALIZATION 

Neutralization consists of employing a feedback network to reduce y\2 to 
some value other than zero. Neutralization is generally used for the same pur- 
poses as unilateralization, but provides something less than the ideal cancella- 
tion of the transistor feedback parameter which unilateralization achieves. A 
typical example of neutralization might be a feedback network which provides a 
composite bi 2 of zero while having only a negligible effect on the transistor gi2. 

The equations for a particular neutralized case would be developed in the 
same manner as those for the unilateralized case. Since there are an infinite 
number of possibilities, no specific equations will be given here. 

This completes the discussion of design with the unconditionally stable tran- 
sistor. The potentially unstable transistor will now be considered. 

THE POTENTIALLY UNSTABLE TRANSISTOR 

When the Linvill stability factor of the transistor as determined by equation 
1 is greater than one, the transistor is potentially unstable. Certain combina- 
tions of source and load admittances will cause oscillations if no feedback is 
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used. In designing with the potentially unstable transistor, steps must be taken 
to ensure that the amplifier will be stable. 

Stability is usually achieved by one or both of two methods: 

(1) Using a feedback network which reduces the composite y^2 to a value 
which ensures stability. 

(2) Choosing a source and load admittance combination which provides sta- 
bility. 

A discussion of these basic methods is given below. 

USING FEEDBACK TO ACHIEVE STABILITY 

Either unilateralization or neutralization may be used to achieve stability. 
If unilateralization is used, the transistor- feedback network combination will 
be unconditionally stable. This may be verified by computing the Linvill sta- 
bility factor of the combination. Since yi2c = 0> the numerator in equation 1 
would be zero. 

With stability thus assured, the remainder of the design may then be done to 
satisfy other requirements placed on the amplifier. After unilateralization has 
converted the potentially unstable transistor to an unconditionally stable com- 
bination, all other aspects of the design are identical to the unilateralized case 
with the unconditionally stable transistor. Power gains and input and output ad- 
mittances may be computed using equations 14 through 18. 

If neutralization is used to achieve stability, the Linvill stability factor can be 
used to compute the potential stability of any transistor- neutralization- network 
combination. Since in this case yi2c f 0, C will have a value other than zero. 

After unconditional stability of the transistor-neutralization network combi- 
nation has been achieved, the design may then be completed by treating the 
combination as an unconditionally stable transistor, and proceeding with the case 
of the unconditionally stable transistor in an amplifier without feedback. Pow- 
er gains, input and output admittances, and the circuit stability factor may be 
computed by using the composite parameters of the combination in equations 2, 
3, 5, 7, and 8. 

STABILITY WITHOUT FEEDBACK 

A stable design with the potentially unstable transistor is possible without ex- 
ternal feedback by proper choice of source and load admittances. This can be 
seen by inspection of equation 2; G s and/or Gl can be made large enough to 
yield a stable circuit regardless of the degree of potential instability of the 
transistor. 

This suggests a relatively simple way to achieve a stable design with a po- 
tentially unstable transistor. A circuit stability factor k is selected, and equa- 
tion 2 is used to arrive at values of G s and Gl which will provide the desired 
k. In achieving a particular circuit stability factor, the designer may choose 
any of the following combinations of matching or mismatching of G s and Gl to 
the transistor input and output conductances, respectively: 

(1) G s matched and Gl mismatched 
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(2) G L matched and G g mismatched 



(2) Both G s and Gj_, mismatched 



Often a decision on which combination to use will be dictated by other per- 
formance requirements or practical considerations. 



Once G s and Gl have been chosen, the remainder of the design may be com- 
pleted using the relationships which apply to the amplifier without feedback. 
Power gain and input and output admittances may be computed using equations 
3, 5, 7, and 8. 



Although the above procedure may be adequate in many cases, a more sys- 
tematic method of source and load admittance determination is desirable for 
designs which demand maximum power gain per degree of circuit stability. 
Stern has analyzed this problem and developed equations for computing the con- 
ductance and susceptance of both Y s and Yl for maximum power gain for a par- 
ticular circuit stability factor, 3? ^ These equations are given here: 



Where, 



k r| y 12 y 21 | + Re(y 12 y 2 i>]. 



g 22 



(19) 



G L = \ Hl^ll + ^IZ^J], 



g 22 



" g 22 



(20) 



^ k [| y 12 y 2l| + Re frl2*21 ) ] 
(G L + g 22 ) Zo 



^ k [| y 12 y 2 



11 + Re(y 12 y 2lM 



(21) 



(22) 



k (L + M) 
L = | y 12 y 2l| 
M = Re(y 12 y 21 ) 



(23) 

(24) 
(25) 



Defining D as the denominator in equation 5 yields: 

Z 4 [k(L + M) + 2M] Z 2 



D = + 

4 



\jk(L + M) + A 2 + N 2 



(26) 
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k(L + M) 

A = g " M > < 27 ) 

n= im(y 12 y 21 ), (28) 

and, 

Z Q = that real value of Z which results in the smallest minimum of D, found 
by setting, 

^| = Z 3 + [ k(L + M) + 2M ] Z - 2N ^ k(L + M) ^ (29) 

equal to zero. 

Computation of Y s and Yl using equations 19 through 29 is a bit tedious to be 
done very frequently, and this may have discouraged wide usage of the complete 
Stern solution. However, examination of Stern T s work suggests some interest- 
ing shortcuts: 



(A) COMPUTATION OF G s AND Gl ONLY, USING EQUATIONS 19 AND 20. 
If a value equal to -b22 is then chosen for Bl, the resulting Yl will be 
very close to the true Yl for maximum gain. The transistor Y^n can 
then be computed from Yl using equation 7, and B s can be set equal to 

-Im(Yin). 

Computation of B s and Bl comprise by far the more complex portion of 
the Stern solution, This alternate method therefore permits the designer 
to closely approximate the exact Stern solution for Y s and Yl while avoid- 
ing that portion of the computations which are the most complex and time 
consuming. Further, the circuit can be designed with tuning adjustments 
for varying B s and Bl, thereby creating the possibility of experimentally 
achieving the true B s and Bl for maximum gain as accurately as if all the 
Stern equations had been solved. 



(B) MISMATCHING G s TO g n ANDG L TO g 2 2 BY AN EQUAL RATIO YIELDS 
A TRUE STERN SOLUTION FOR G s AND G L . This can be derived from 
equations 19 and 20, which lead to the following result: 




(30) 



If a mismatch ratio, R, is defined as follows, 



G. G 
L s 

R= = (31) 

g 22 g ll 
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then R may 
the equation 



be computed for any particular circuit stability factor using 



(1 + R) 



!yi2| + Re(y 12y21 } 



2 Br 



(32) 



Equation 32 was derived from equation 2. Having thus determined R, G s 
and Gl can be quickly found using equation 31. 

B s and Bl can then be determined in the manner described above in al- 
ternate method (A). 

This alternate method may be advantageous if source and load admittances 
and power gains for several different values of k are desired. Once the 
R for a particular k has been determined, the R for any other k may be 
quickly found from the equation 



(33) 



(1 + no- 



where Ri and R2 are values of R corresponding to kj and k2, respectively. 

(C) COMPUTER DESIGN. The complete Stern design problem may be pro- 
grammed into a computer. Power gain, circuit stability factor, Y s and 
YL can be obtained from the computer for any value of k. MAG, GU, and 
the Linvill stability factor of the transistor may also be included in the 
program. 

After employing either the complete Stern solution or an alternate method to 
obtain Y s and Yl for the potentially unstable transistor in an amplifier without 
feedback, power gains and input and output admittances may be obtained using 
equations 3, 5, 7, and 8. 

SENSITIVITY 

In all but the unilateralized amplifier, Yin is a function of load admittance. 
Thus Yin changes with output circuit tuning, and this can be troublesome. Con- 
sequently, it is sometimes desirable to compute the extent of variation of Yin 
with changes in Y L . A term, sensitivity <5, has been defined to provide a meas- 
ure of this characteristic, and is equal toper cent change in Yin divided by per 
cent change in Yl. The equation for sensitivity is: 



Y L 












y 22 + y l 




*I7 



I g 22 y ll 
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where, 

y 21 y 12 

k = 

g ll g 22 
e = arg (-y 12 y 21 ) * 

K e j6 = K (cos e+ j sin e ) 



A more complete discussion of sensitivity is given in reference 7. 

SUMMARY 

The small signal amplifier performance of a transistor is completely de- 
scribed by two port admittance parameters. Based on these parameters, equa- 
tions for computing the stability, gain, and optimum source and load admit- 
tances for the unilateralized, neutralized, and no-feedback amplifier cases 
have been discussed. 

The unconditionally stable transistor will not oscillate with any combination 
of source and load admittances, and circuits using a stable transistor may be 
optimized for other performance requirements without fear of oscillations. 

The potentially unstable transistor requires that steps be taken to guarantee 
a stable design. Stability is usually achieved by unilateralization, neutraliza- 
tion, or selection of source and load admittances which result in a stable am- 
plifier. 

Unilateralization and neutralization reduce the composite reverse transfer 
admittance. They may be used to achieve stability, input- output isolation, or 
both. 

Maximum power gain per degree of circuit stability without feedback may be 
achieved using Stern's equations. 

The degree of input- output isolation is described by the term sensitivity, 
which makes it possible to compute changes in input admittance for any change 
in load admittance, 
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GLOSSARY 



Linvill's stability factor 




■ Complex source admittance 


Stern's stability factor 


G T = 


Transducer gain 


Real part of the source admittance 


MAG = 


Maximum available gain 


Real part of the load admittance 


* - 


Conjugate 


Imaginary part of the source admittance 


Y IN ■ 


Input admittance 


Imaginary part of the load admittance 


Y = 
OUT 


Output admittance 


Real part of y^ 


G 

max 


Maximum gain without feedback 


Real part of y 22 


G U = 


Unilateralized gain 


Generalized power gaixi 


G TU = 


Unilateralized transducer gain 


Complex load admittance 


6 


Sensitivity 



APPENDIX I 

A. Conversions among parameter types for y, z, h, and 
g parameters. 



h to y 



Y 12 



12 



11 



'21 



"21 



11 



y 22 



Ah 
h 



11 



where Ah = h n h 22 - h J2 h gl 



y to h 



4 n 



'12 



y 12 



J ll 

where Ay 



21 



y ll '22 



y 21 



y 12 '21 



ll 22 



Ay 



y ll 



h to z 



Ah 
h 



22 



"12 



12 



"22 



-h, 



"21 



21 



u 22 



"22 



"22 



z to h 

Az Z 12 " Z 21 1 

h ll = h 12 = h 21 = h 22 = 

22 z 22 z 22 z 22 

where A z = z n z 22 - z^ 



16-56 



Application Notes 



h to g 



h 22 " h 12 " h 21 



g 



11 ~ Ah &12 " Ah 



g to h 



where Ah = h n h 22 - h 12 h gl 



22 " g 12 " g 21 

*g 



h ll = T~" h 12 = T~~ h 21 



where Ag = g n g 22 - 

z to y 

z 22 " Z 12 ~ Z 21 

y ll = — * y l2 = — y 21 = — 

Az Az AZ 



y to z 

y 22 " y 12 " y 21 



where = Y n Y 22 - 7 12 y 2 i 

Z to g 

1 " Z 12 Z 21 

g ll = "~ g 12 = ~~ g 21 = — 

Z ll Z ll Z ll 



g to Z 

1 " g 12 g 21 

z n =— z 12 = — z 21 = — 

g ll g ll g ll 

where Ag = g n g 22 - g 21 

g to y 

Ag g 12 _g 21 

y ll = y 12 = y 21 = 

g 22 g 22 g 22 
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where Ag = g u g^ - g n g^ 

y to g 

Ay y i2 ~ y 21 1 

g ll = g 12 = g 21 = g 22 = 

y 22 y 22 y 22 y 22 

where Ay = y u y 22 - y n y 2% 

B. Conversions among common emitter, common base, 
and common collector parameters of the same type for 
y, and h parameters. 

Common emitter y parameters in terms of common base 
and common collector y parameters. 

y lle = y llb + y 12b + y 21b + y 22b = y llc 
y 12e = "( y 12b + y 22b> = "( y llc + y 12 c ) 
y 21e " " (y 21b + W = - (y llc + y 21c } 

y 22e = y 22b = y llc + y 12c + y 21c + y 22c 

Common base y parameters in terms of common emitter 
and common collector y parameters. 

y llb = y lle + y 12e + y 21e + y 22e = y 22c 

y 12b = "^lae + y 22e ) = - (y 21c + y 22c> 
y 21b = "< y 21e + y 22e ) = " (y 12c + y 22c> 
y 22b = y 22e = y llc + y 12c + y 21c + y 22c 



Common collector y parameters in terms of common e- 
mitter and common base y parameters. 



y llc ~ y lle ~ y llb + y 12b + y 21b + y 22b 
y 12c = " (y lle + y 12e ) = " (y llb + W 



y 21c ~ " (y lle + y 22e* " ~ (y llb + y 12b J 



y 22c = y lle + y 12e + y 21e + y 22e = y llb 
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Common emitter h parameters in terms of common base 
and common collector h parameters. 



h iib h iib 



h lle 



h 12e 



(1 + h 21b ) (l-h 12b ) + h 22b h nb x + 

2 Id 

h llb h 22b " h 12b (1+h 21b ) h llb h 22b 



(1 + h 21b ) (l-h 12b ) + h 22b h nb j + h ^ 



- h 2Vb {1 - h 12t? ' h 22b h llb " h 21b 



w~h — = ~ (1 + h 2io ) 

+ h 21b> + h 22b h llb 21b 



h 22b h 22b 

h 22e = * = h 22c 

(1 + h 21b ) (l-h 12b ) + h 22b h nb 1 + h 21b 



Common base h parameters in terms of common emitter 
and common collector h parameters. 



h lle h lle 



(1 + h 21e ) (l-h 12e ) + h lle h 22e x + h ^ 



11c 11c 



h llc h 22c " h 21c h 12c h 21c 



h lle h 22e " h 12e (1 + h 21e ) h lle h 22e 
" C 1 + + h lle h 22e ~ 1 + h 21e " ^ 

h 21c (1 - h 12c } + h llc h 22c h llc h 22c 



< h 12c " 1} " 



h llc h 22c " h 21c h 12c h 21c 



" h 21e (1 - h 12e } " h lle h 22e " h 21e 



h 21b 



(1 + h 21e ) (l-h 12e ) + h Ue h 22e 1 + h 21e 



h 12c (1 + h 21c> " h llc h 22c + h 21c> 



h llc h 22c " h 21c h 12c 
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h 22e h 22e 



h 22b 



(1 + h 21e ) (l-h 12e ) + h ne h 22e 1 + h 21e . 
h 22c h 22c 



h llc h 22c " h 21c h 12c h 21c 



Common collector h parameters in terms of common base 
and common emitter h parameters. 

h iib h iib 

h llc = — « = h lle 

(l + h 21b ) (i-h 12b ) + h 22b h nb l + h 21b 



1 + h 21b 

h i2c = z " ~~ ; ~ ~ ~ 1 = 1 " h i2e 
(i + h 21b ) a-h 12b ) + h 22b h llb 

h 12b - 1 _ 1 

h 21c = * = ~ (1 + h 21e ) 

(1 + h 21b ) (l-h 12b ) + h 22b h nb 1 + h 21b 

h h 22b „ h 22b . 

h 22c = = 22e 

(1 + h 21b ) (l-h 12b ) + h 22b h nb 1 + h 21b 



Expressions for voltage gain, current gain, input imped- 
ance, and output impedance in terms of y, z, h, and g pa- 
rameters. 



Voltage Gain 



Z 21 Z L -y 2 i " h 2i Z L e 2 i Z L 



A = 
v 



AZ + Z ll Z L y22 + Y L h ll + AhZ L g 22 + Z L 



Current Gain 



Z 21 y 21 Y L h 21 Y L ~ g 21 



z 22 + Z L A y + yil Y L h 22 + Y L ^ + hi Z L 



Input Impedance 



Z IN 



AZ + Z 11 Z L ^2 + Y L * h + h ll Y L 



z 22 + Z L A y + ^11 Y L h 22 + Y L 
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Output Impedance 



h ll + Z s 



Z OUT 



A y + *22 Y s Ah + h 22 Z s 
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USING LINVILL TECHNIQUES FOR R.F. AMPLIFIERS 
INTRODUCTION 

Transistors are nonunilateral devices and may exhibit potential instability in 
some frequency range. Since oscillations will occur for some terminations at 
potentially unstable frequencies, several methods have been developed to se- 
lect terminations which assure stable operation. In particular, the Linvill (1) 
technique relates device stability, gain, bandwidth, and sensitivity graphically 
(2) . In addition to the advantages of the graphical approach, once the engineer 
becomes familiar with the Linvill technique, an amplifier may be rapidly de- 
signed. 

To illustrate the technique, a Linvill chart for a device at an unconditionally 
stable frequency is drawn and an amplifier designed using this chart. At a low- 
er frequency the device is potentially unstable and a chart is drawn to illustrate 
this case. 

As the development of the Linvill concept is treated in the references, only 
procedures are given in this paper. This approach requires many formulae 
and remarks be accepted without proof. Nevertheless, the material presented 
is sufficiently complete to be used without benefit of the underlying theory. 

SOME DEFINITIONS 

If a device is "potentially unstable" oscillations will result for certain com- 
binations of loads and sources. If a device is "unconditionally stable" no com- 
bination of source and load will produce oscillations without the aid of external 
feedback. 



SYMBOLS 



B L 


= Load susceptance = Im(Y L ) 




Y L 


= Complex load admittance 


"« 


= My.j) 




Y S 


= Complex source admittance 


g 


= Ratio of an arbitrary gain to G QQ 




y 22* 


= Conjugate of y 22 


g ii 


= Re(y..) 




h « 


= Hybrid parameter = + jh.^ 


G oo 


= Power gain for Y L = y 22 * 




"iir 


= Refli.j) 


G L 


= Load conductance = RefY^) 




\ji 


= Imflij.) 


G T 


= Transducer gain = power dlvd to 
available from 


load/power 
the source 


CO 


= 2nf 


y lj 


= Admittance parameter = g^ + jb^ 




* 


= Conjugate 



1) Transistors and Active Circuits . J. G. Linvill and 2) "High- Frequency Amplifier Design Using Admittance 

J. F. Gibbons, McGraw-Hill Book Co., Inc., New Parameters: Parts 1 & 2," G.D. Johnson, P. Norris, 

York (1961). and F. Opp, Electro- Technology , November, Decem- 

ber, 1963. 
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Linvill defined a stability factor, the C-f actor, which, when represented 
graphically, separates the potentially oscillatory loads from stable loads. Fur- 
thermore, if the device is unconditionally stable, the C-factor may be used to 
determine the maximum unneutralized gain, G max . 

Power gain is defined as the ratio of power delivered to the load to the power 
delivered to the input of the device. Linvill defined a power ratio, G 00 , as the 
power gain when a device is terminated in the conjugate of the output parame- 
ter, i.e. , y22, n 22, etc. This power ratio is also used to determine G ma x« 

LINVILL CHART PREPARATION 

A Linvill chart is a modified Smith chart. The Smith chart is rotated 180° 
and relabeled. For admittance parameters, label the 1.0 conductance circle 
G2 = 2g22« Label the l.Oand -1.0 susceptance circles B2 = 1.0 g22 and -1.0 
respectively as in Fig. 1. Also 

add 1.0 to each conductance circle. 
Having thus modified a Smith chart, 
the Linvill chart is prepared as fol- 
lows: 

(1) Obtain admittance parameters 
at the desired frequency. For 
instance, typical common emit- 
ter y-parameters for the 2N3279 
series at 200 Mc (I c = -2 mA, 
V CE = -6 V) are: 



180° 



'11 



'12 



17. 0 + jll. 7 mmhos 
0 -jO. 92 mmhos 




y 21 = 22. 8 -j44. 8 mmhos 



FIGURE 1 - MODIFIED SMITH CHART. 
(ADAPTED FROM REF. 1) 



y 22 = 0. 29 +jl. 91 mmhos 



(2) Compute the gradient -line an- 
gle, 0 , and plot the gradient - 
line at angle 0 measured from 
0 ° and through the center of the 
chart as in Fig. 2. 

o = Arg (-y 21 y 12 )* 

y 21 y 12 = 46 * 3 /- 153 ' Q ° 
-46. 3 7-153° 

46.3 /271 
46.3 /-27° 

0 = -27° 



" y 21 Y 12 



90° 




Note: 

Radius is unity. 



FIGURE 2 - 200 Mc LINVILL CHART 
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3) Compute the C -factor. 



C = 



| y 21 y 12l 



2g n g 22 - Re(y 12 y 21 ) 

= 0.903 



Since C < 1 the device is un- 
conditionally stable. When C 
> 1 the procedure of the second 
example applies. 



4) Compute G ( 



OO' 



oo 



C 
2 



1211 
h2 ' 



= 24. 6 or 13. 9 db 



5) Compute G 



max* 



G = K G 
max oo 



K 



1 5T 

1 - v i. C Z 



= 1.39 
= 15. 4db 



Applies only if C < 1. 



An infinite number of terminations will yield the same gain with the ex- 
ception of G m ax- On the Linvill chart, circles represent all possible 
loads which will give one gain. These circles have centers at 

x = Cg 
X 2 

where x is measured along the gradient-line as shown in Fig. 2. The 
radii of these circles are found from 



■ [-.*(¥)1 



1/2 



where g is the ratio of any gain to G 00 . The maximum g is K for C = 1. 
Notice the radius of the chart is unity. 
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Compute the gain circle data. 



g 


g(db) 


Center 
Cg/2 


1/2 

r=[l - g + (Cg/2) 2 ] 


1.39 


+1. 4 


0. 63 


0 


1.28 


+1. 1 


0. 58 


0. 23 


1 


0 


0. 45 


0.45 


0.707 


-1. 5 


0. 32 


0. 64 



Plot these circles as the 15.4 db, 15 db, 13.9 db, 12.4 db corresponding 
tog T sof 1.39, 1.28, 1.0, 0.707, respectively. 

This completes the Linvill chart. The chart as prepared for use at our 
company is shown in Fig. 3. The use of the chart is explained in the de- 
sign example. 



AMPLIFIER DESIGN EXAMPLE 



Assume it is desired to achieve 
maximum gain. The maximum 
gain is G ma x = 15.4 db. Lo- 
cate this point and read the co- 
ordinates in terms of G2 + jB2: 



G 2 + > B 2 



3. 2 g 22 - j2. 1 g 



22 



The load is found from: 
G 2 +jB 2 = Y L +Y 22 



=-22 



B 2 - b 22 



= 2-2 g 22 

= 0. 64 mmhos 

; 22 

= -2. 5 mmhos 



Assume the load the amplifier 
must be matched to is 5042. Let 
a transforming network be used 
as illustrated: 



Device Type: 2N3279 




YH = 17.0 + jll.7 

y 12 = 0 - j0.92 

y 21 = 22.8 - j44.6 

y 22 = 0.29 + jl.91 



0= -27° 
G QO = 13.9db 
C = 0.903 



50 Q 
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which is equivalent to: 




Using the relationships: 

Q = 

X S = 
and 

c p = 

yields 

Bandwidth information is obtained from the chart using: 

r = AJL 
2Ao> 

Where Ct is the total parallel capacitance at the collector including the 
Cout °* tne device. is the total change in susceptance read from the 
chart. Am is the 3 db bandwidth. To find AB locate the G 2 = 3. 2 g22 
conductance circle. Follow this line in both directions from G mSiX to the 
gain circle 3 db below G m ax (use the 12.4 db circle). 

AB = 8g 22+ 3.8g 22 = 11.8g 22 

For a 20 Mc bandwidth 

Aw = (2tt) (20 x 10 6 ) 
and 

C T = 13. 6pf 
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Crj> includes the output capacitance of the device. C out is found 

y 12 y 21 



Y out y 22 y n +Y s 



where 

Y~ = 



Y.^* for maximum gain. 



Y in y ll y 22+ Y L 

= 38.4 + j47. 8 
Y g = 38. 4 - j47. 8 

using this value of Y§ yields 
C Qut = 2.3pf 

To find the additional capacitance required refer to the figure. 



"out 



< 

:zc a 7 

i 


i < 

- L ' 

> < 


> ( 

i < 


i 

| 



C T = C out + C A +C P 



C A " °T " C P " C out 



= 13.6-3-2.3 = 8. 3 pf 
Supply this capacitance with a variable capacitor. 
The proper value of B-^ must now be obtained. Use 

B 



L 

where 



co C T r = -2. 5 mmhos (Step 2) 

J_j CO J_i 



c p+ c A 



Solving for L: 
L = 0. 045 /ih 
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7) Assume a 5042 source resistance and match this to Y. * to complete the 
design. 

An amplifier was constructed 
using the above values and is 
shown in Fig. 4. The perform- 
ance was considered excellent: 
The device transducer gain was 
calculated within 0. 5dbof Gmax 
when circuit loss was added to 
circuit gain. Measured band- 
width also agreed favorably with 
the predicted value. 

LINVIU CHART FOR POTENTIALLY 
UNSTABLE DEVICES 

The same device may be used to il- 
lustrate this case at 100 Mc. The 

procedure is the same with two exceptions. As C > 1 for this case G ma x has 
no meaning: as the device may oscillate, output power can be obtained for no 
input power. In other words, the gain is infinite. 

For this case compute: 



110 pi.. 
< 0.68 jO.i 



^ 1 



V EE ^ 1 * V C( 



FIGURE 4 - 200 Mc AMPLIFIER 



X 



Draw a line perpendicular to the gr adi - 
ent line at l/C (Fig. 5). Loads for 
x > 1/C result in potential unstability 
(shaded area). 

To examine the situation in more 
detail, locate the point G2 + 3B2 = 2 
g22 + 3° and recall that 

B 2 = B L + b 22 = w C T " lk + b 22 

If Ct is reduced B2 will be decreased. 
Moving along the G2 = 2g22 conduct- 
ance circle, the gain will increase 
until the shaded area on the chart is 
reached. Thus, the circuit cannot be 
tuned. To be tunable the device must 
be loaded to about 20 g22« Examining 
this conductance circle, decreasing 
Ct will result first in an increase, 
then a maximum, and finally a de- 
crease in gain. 

To design an amplifier, choose a 
conductance circle tangent to the gain 
circle required by the amplifier spec- 
ification. This establishes G2. B2 is 



1_ 
C 



V CE = -6 V Device Type: 2N3279 




-90° 



y n = 9.3 + jlO 0 = -58° 

y 12 = 0 - j0.5 G 0Q = 20.2 db 

y 21 = 50 - J31 

y 22 = 0.06 + jl.O C = 1.76 
FIGURE 5 
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found at the point of tangency of the appropriate gain and G2 circles. Proceed 
with the design as before. 

The chart normalized in g22 * s often difficult to use for the unstable case. 
However, as C, G 00 , g, and the gain circle constants are invariant, only the 
gradient-line angle must be recalculated and the chart redrawn to obtain a much 
more convenient display of the data. Defining: 

9 = Arg (-h 21 h 12 )* 
The h-parameters may easily be found: 



h = — = 4.34 /-79° mmhos 
Zl y ll 

and 



h 10 = — — = 0. 037 /4T mmhos 
1Z y ll 



Then 

<P = -144° 

The new chart is shown in Fig. 6. Yl 
is then found using h22« 

SUMMARY 

Two Linvill charts have been pre- 
pared for a device at unconditionally 
stable and potentially unstable fre- 
quencies. A design procedure has 
been presented for the stable case 
and the method discussed for the un- 
stable case. 

The reader is referred to Refer- 
ence 2 for a brief development of the 
Linvill technique and to the references 
cited in that paper for a thorough 
treatment of stability. 



90° 




G 2 + jB 2 = Y L + h 2 2 



FIGURE 6 - 100 Mc LINVILL CHART FOR H PARAMETERS 
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SIGNIFICANCE OF Q T IN SWITCHING CIRCUITS 



The charge factor (Q) in a transistorized pulse system is a figure of merit 
in much the same manner that gain- bandwidth product (ft) is a figure of merit 
for an amplifier. Consider briefly a pulse transmission system where the volt- 
age of aline must be changed by V volts. Since a finite capacity C is associated 
with the line, a charge Q = CV must be moved in order to effect this change. 
To move this charge in a given time t, a certain current I is required; viz. 
Q = It. Thus with a given current, low Q is synonymous with fast switching. 

The concept of total control charge, Qj, is not only a figure of merit but is 
a useful tool in the design of transistor circuits particularly where capacitors 
are used for triggering or R-C networks are used to improve response time. 

The concept is most easily understood by examining the familiar linear cir- 
cuit of Figure 1. It is well known that if the time constant of the speed up net- 
work, ri = R1C1, equals the time constant, = R2C2, the waveform at point 
C will be a perfect reproduction of that at B, but reduced in amplitude accord- 
ing to the ratio of Ri and R2. During the time that a constant level is applied 
at point A, charge Qj developed on Ci will also equal the charge Q2 developed 
on_C 2 . 

The impedance of this network, of 
course, decreases with frequency so 
that the signal at B may show rise 
time deterioration compared to the 
signal from the source at point A. 
However, there is no distortion of the 
signal in passing from B to C. 

Several authors have shown that all 
frequency effects of a transistor can 
be represented by an R-C network 
from internal base to emitter. Base 
spreading resistance r^ can be lump- 
ed with R g . If a transistor were sub- 
stituted for the network R 2 C2, by ad- 
justing Tj for a square wave output, figure 1 

the transistor input impedance COUld Linear Circuit Compensation 

be deduced. If the transistor were driven into saturation, a 
square wave output would occur during turn-on regardless of the value of rj, 
but information can be gained by observing the waveform during turn-off. Since 
a transistor in saturation is grossly non- linear, approximating its behavior by 
a linear network is not satisfactory. But the use of a speedup network to find 
the charge required to turn off a transistor has proven to be valuable. 

When a transistor is held in a conductive state by a base current Ib, a charge 
Q s is developed or "stored" in the transistor. If lg were suddenly removed, 
the transistor would continue to conduct until Q s is removed from the active 
regions through an external path or through internal recombination. Since the 
internal recombination time is long compared to the ultimate capability of a 
transistor, for fast switching the designer needs to know the value of the in- 
ternal charge. Q s may be written as - 

Q s = Q I + Q V+ Q X 
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Ql is the charge required to develop the required collector current. This 
charge is primarily a function of alpha cutoff frequency. Qy is the charge 
required to change the collector-emitter voltage. It is primarily caused by 
collector-base feedback capacity. Q x is excess charge resulting from over- 
drive, i. e. , operation in saturation. The carriers which result compromise 
Q^and are stored in the base and collector regions. 

The charge required to turn a transistor "on" to the edge of saturation is 
Ql + Qv but to turn it off, the full charge Qs must be removed. Referring to 
the circuit of Figure 1, if the charge on the speedup capacitor Qx equals the 
charge on the transistor Q s , then when point B is grounded turn-off would be 
immediate if transistor r'b were zero. In practice, point A is a more con- 
venient place to ground and Rg and r'fo limits circuit speed. 

A test circuit which measures Qx is shown in Figure 2. C is adjusted to the 
minimum value which will produce a waveform similar to the one indicated by 
the solid trace in Figure 3. This will be where the "bumps" just disappear. It 
has not been established under this condition of turn-off that the charge Qx on 
C actually equals the charge Q s in the device, but Qx certainly represents the 
charge necessary to control the turn-off of the transistor from a circuit de- 
signer's point of view. The charge is given by — 

«T - C < V in - V BE> 

Using this relation, the designer may optimize C for any input voltage if Qx at 
the desired operating point is known. 




Q T test circuit turn-off waveform 

( PNP TRANSISTOR) 
FIGURE 2 FIGURE 3 



When making measurements with this circuit it is important that the input 
pulse be long enough to allow carrier equilibrium to be reached. One jutsec is 
long enough for VHF transistors. For greatest accuracy pulse instrumentation 
should have capability to at least 15 ns rise time and utmost care must be given 
to the selection and mounting of the R-C network and transistor socket. A low 
source impedance also makes the effects of capacitor adjustment easier to 
discern. 

Charge measurements of representative silicon logic transistors are shown 
in Figure 4. It is evident that the low figures for the 2N834 permit faster 
switching in any given circuit since low charge means less current is required 
to switch the transistor in any given time. The curves also permit optimum 
values of speedup capacitors to be selected. 



16-71 



Application Notes 



300 
250 



o 150 
o 

Ql 

- 100 

V) 

O 

















— — — 








l B -4MA 




































1 g - 2M A 














2N9I4 

2N706 

2N834 










— I B -IMA 



0 10 20 30 40 50 60 

Ic (MA) 

FIGURE 4 
COMPARATIVE Or 



Using too large a speedup capacitor will cause a slight reduction in response 
time but a heavy penalty will be paid in circuit recovery time which will limit 
pulse repetition frequency. 
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FIELD-EFFECT TRANSISTORS IN THEORY AND PRACTICE 
BASIC THEORY 

There are, today, two types of field-effect transistors, known as the Junction 
Field-Effect Transistor (JFET) and the Insulated Gate Field-Effect Transistor 
(IGFET), sometimes called the "metal -oxide- semiconductor" (MOS) transistor. 
The principles on which these devices operate (current controlled by an electric 
field) are very similar - the primary difference being in the methods by which 
the control element is made. This difference, however, results in a consider- 
able difference in device characteristics and necessitates variances in circuit 
design. These will be discussed later in the article. 




JUNCTION FIELD-EFFECT TRANSISTOR (JFET) 

In its simplest form the junction field-effect transistor starts with nothing 
more than a bar of doped silicon that behaves as a resistor (Figure la). By 
convention, the terminal into which current is injected is called the source 
terminal, since, as far as the FET is concerned, current orginates from this 
terminal. The other terminal is called the drain terminal. Current flow be- 
tween source and drain is related to the drain-source voltage by the resistance 
of the intervening material. In Figure lb, p-type regions have been diffused 
into the n-type substrate of Figure la leaving an n-type channel between the 
source and drain. (A complementary p-type channel is made by reversing all 
of the material types.) These p-type regions will be used to control the current 
flow between the source and the drain and are thus called gate regions. 

As with any p-n junction, a depletion region surrounds the p-n junctions when 
the junctions are reverse biased (Figure lc). As the reverse voltage is in- 
creased, the depletion regions spread into the channel until they meet, creating 
an almost infinite resistance between the source and the drain. 

Consider now the case of zero gate voltage, but with an external voltage ap- 
plied between source and drain (Figure Id). Drain current flow in the channel 
sets up a reverse bias, along the surface of the gate, parallel to the channel. 
As the drain-source voltage increases, the depletion regions again spread into 
the channel because of the voltage drop in the channel which reverse biases the 
junctions. As Vj^g is increased, the depletion regions grow until they meet, 
whereby any further increase in voltage is counterbalanced by an increase in 
the depletion region toward the drain. There is an effective increase in channel 
resistance that prevents any further increase in drain current. The drain- 
source voltage that causes this current limiting condition is called the "pinch- 
off" voltage (Vp). Further increases in drain -source voltage produce only a 
slight increase in drain current. 

The drain-current (Ij)) vs. drain- source voltage (Vj)g) with zero gate-source 
voltage (Vgs) is shown in Figure 2a. In the low-current region, the drain- 
current is linearly related to VdS« As Id increases, the "channel" begins to 
deplete and the slope of the Id curve decreases. At (VdS = Vp), Id "saturates" 
and stays relatively constant until drain to gate avalanche is reached. If a 



16-73 



Application Notes 



reverse voltage is applied to the gates, 
channel pinch -off occurs at a lower Ij) 
level (Figure 2b) because the depletion 
region spread caused by the reverse- 
biased gates adds to that produced by 
VdSj thus reducing the maximum cur- 
rent for any value of Vpg. 

A PRACTICAL STRUCTURE 

Due to the difficulty of diffusing im- 
purities into both sides of a semi- 
conductor wafer, a single ended geom- 
etry is normally used. Diffusion for 
this geometry (Figure 3) is from one 
side only. The substrate is of p-type 
material onto which an n -type channel 
is epitaxially ground. A p-type gate 
is then diffused into the n-type epi- 
taxial channel. This completes the 
structure. 

The substrate, which functions as 
gate 2 of Figure 1, is of relatively low 
resistivity material to maximize gain. 
For the same purpose, gate 1 is of 
very low restivity material, allowing 
the depletion region to spread mostly 
into the n-type channel. 




INSULATED GATE FIELD-EFFECT 
TRANSISTORS (IGFET) 

The insulated-gate field-effect 
transistor (IGFET) operates with a 
slightly different control mechanism 
than the JFET. Figure 4 shows the 
development. The substrate may be 
high resistivity p-type material, as 
for the MM2102. This time two sep- 
arate low resistivity n-type regions 
(source and drain) are diffused into 
the substrate as shown in Figure 4b. 
Next, the surface of the structure is 
covered with an insulating oxide layer 
(Figure 4c). Holes are cut into the 
oxide layer allowing metallic contact 




(d) 

Figure 1 — Development of junction 
field-effect transistors 




(a) (A) 
Figure 2 — Drain current characteristics 
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to the source and drain. Then, the 
gate metal area is overlay ed on the 
oxide, covering the entire channel 
region and, simultaneously, metal 
contacts to the drain and source are 
made as shown in Figure 4d. The 
contact to the metal area covering the 
channel is the gate terminal. Note 
that there is no physical penetration 
of the metal through the oxide into the 
substrate. Since the drain and source 
are isolated by the substrate, any 
drain -to -source current in the ab- 
sence of gate voltage is extremely 
low because the structure is analo- 
gous to two diodes connected back to 
back. 

The metal area of the gate in con- 
junction with the insulating oxide layer 
and the semiconductor channel form 
a capacitor. The metal area is the 
top plate; the substrate material is 
the bottom plate. 

For the structure of Figure 4, con- 
sider a positive gate potential (see 
Figure 5). Positive charges at the 
metal side of the metal-oxide capac- 
itor induce a corresponding negative 
charge at the semiconductor side. As 
the positive charge at the gate is in- 
creased, the negative charge "in- 
duced" in the semiconductor increases 
until the region beneath the oxide be- 
comes an n-type semiconductor re- 
gion, and current can flow between 
drain and source through the "induced" 
channel. In other words, drain cur- 
rent flow is "enhanced" by the gate 
potential. Thus drain current flow 
can be modulated by the gate voltage; 
i. e. , the channel resistance is direct- 
ly related to the gate voltage. The 
n- channel structure may be changed 
to a p-channel device by reversing 
conductivity of the semiconductor 
regions. 

An equivalent circuit for the IGFET 
is shown in Figure 6. Here, Cg( c h) 
is the distributed gate -to -channel 
capacitance representing the oxide 
capacitance. cLg is the gate -source 




Figure 3 — Single-ended geometry junction FET 



SOURCE DRAIN 




(C) (,) 



Figure 4 — Development of n-channel insulated-gate field- 
effect transistor, enhancement mode type. 



SOURCE GATEI+) DRAIN 




Figure 5 — Channel enhancement. Application of positive gate 
voltage causes redistribution of minority carriers in 
the substrate and results in the formation of a 
conductive channel between source and drain. 
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capacitance of the metal gate area 
overlapping the source, while Cg^ is 
the gate -drain capacitance of the 
metal gate area overlapping the drain. 

Cd(sub) and C s (sub) are i unction ca- 
pacitances from drain to substrate 
and source to substrate. Yf s is the 
transadmittance between drain cur- 
rent and gate -source voltage. The 
modulated channel resistance is r^ g . 
Rj) and Rg are the bulk resistances of 
the drain and source. 

The input resistance of the IGFET 
is exceptionally high because the gate 
behaves as a capacitor with very low 
leakage (r in « 10 14 ^). The output 
impedance is a function of r^ s (which 
is related to the gate voltage) and the 
drain and source bulk resistances (Rd 
andRg). 

To turn the IGFET "on, " the gate- 
channel capacitance Cg(ch)> the miller 
capacitance (Cgd) and the drain- 
substrate capacitance (Crj( su b)) must 
be charged. The resistance of the 
substrate determines the peak charg- 
ing current of Cd(sub)- 

The FETjust described is called an 
enhancement type IGFET. A depletion 
type IGFET can be made in the follow- 
ing manner: Starting with the basic 
structure of Figure 4, a moderate 
resistivity n-channel is diffused be- 
tween the source and drain so that 
drain current can flow when the gate 
potential is at zero volts (Figure 7). 
In this manner, the IGFET can be 
made to exhibit depletion character- 
istics. For positive gate voltages, the 
structure enhances in the same man- 
ner as the device of Figure 4. With 
negative gate voltage, the enhance- 
ment process is reversed and the 
channel begins to deplete of carriers 
as seen in Figure 8. As with the 
JFET, drain-current flow depletes 
the channel area nearest the drain 
first. 

The structure of Figure 7, there- 
fore, is both a depletion and an en- 
hancement mode device. 



SOURCE GATE DRAIN 




Figure 6 — Equivalent circuit of enhance- 
ment mode IGFET. 




Figure 7 — Depletion mode IGFET structure. 

This type of device may be de- 
signed to operate in both the en- 
hancement and depletion modes. 



SOURCE GATE DRAIN 




Figure 8 — Channel depletion phenomenon. 

Application of negative gate volt- 
age causes redistribution of mi- 
nority carriers in diffused channel 
and reduces effective channel 
thickness. This results in in- 
creased channel resistance. 
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MODES OF OPERATION 

There are two basic modes of operation of FET's - depletion and enhance- 
ment. Depletion mode, as previously mentioned, refer to the decrease of 
carriers in the channel due to variation in gate voltage. Enhancement mode 
refers to the increase of carriers in the channel due to gate voltage. A third 
type of FET has also been described that can operate in both the depletion and 
the enhancement modes. 

The basic differences between these modes can most easily be understood by 
examining the transfer characteristics of Figure 9. The depletion mode device 
has considerable drain-current flow for zero gate voltage. Drain current is 
reduced by applying a reverse voltage to the gate terminal. The depletion type 

N -CHANNEL JUNCTION FET 




<-> V GS <+) 0 V os = 2 V/D1V — 



N-CHANNEL IGFET 
2N3797 




(-) V GS V G s(th) (+) 0 v DS = 2V/DIV-~ 



Figure 9 — Transfer characteristics and associated scope 
traces for types A, B and C FETs 
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FET is classified by the industry as a "TYPE A" FET. The "Type A" FET is 
not characterized with forward gate voltage. 

The depletion/enhancement mode type device also has considerable drain cur- 
current with zero gate voltage. This type device is classified as a "Type B" 
device. The "Type B" FET is defined in the forward region and may have us- 
able forward characteristics for quite large gate voltages. Notice that for the 
junction FET, drain current may be enhanced by forward gate voltage ONLY 
until the gate-source p-n junction becomes forward biased. 

The third type of FET is the strictly enhancement- mode type. This is re- 
ferred to as a "Type C" FET. The "Type C" FET has extremely low drain cur- 
rent flow for zero gate-source voltage. Drain current conduction occurs for a 
^GS greater than some threshold value. For gate voltages greater than the 
threshold, the transfer characteristics are similar to the "Type B" FET. 

ELECTRICAL CHARACTERISTICS 

Because the basic mode of operation for field- effect devices differs greatly 
from that of conventional junction transistors, the terminology and specifica- 
tions are necessarily different. An understanding of pertinent FET terminology 
and an interpretation of the characteristics are necessary to evaluate their 
comparative merits from data-sheet specifications. 

Because availability of production type field-effect transistors is still rela- 
tively recent, the industry has only recently standardized on a set of specifica- 
tions and appropriate symbols called out on data sheets. Accordingly, a vari- 
ety of symbols denoting a specific characteristic may be found. In the follow- 
ing discussion some of this conflicting terminology will be correlated. 

STATIC CHARACTERISTICS 

Static characteristics define the operation of an active deviceunder the influ- 
ence of applied d-c operating conditions. Of primary interest are those speci- 
fications that indicate the effect of a control signal on the output current. The 
Vqs-Id transfer characteristics curves are illustrated in Figure 9 for the three 
types of FETs. Figure 10 lists the data sheet specifications normally employed 
to describe these curves, as well as the test circuits that yield the indicated 
specifications. 

Of additional interest is the special case of tetrode-connected devices in which 
the two gates are separately accessible for the application of a control signal. 
At the present time, only junction devices are available in the tetrode connec- 
tion. The pertinent specifications are those which define drain-current cutoff 
when one of the gates is connected to the source and the bias voltage is applied 
to the second gate. These are usually specified as VQis(off)^ ^ate * ~~ source 
cutoff voltage (with gate 2 connected to source), and VG2S(off), Gate 2 - source 
cutoff voltage (with gate 1 connected to source). The gate voltage required for 
drain current cutoff with one of the gates connected to the source is always high- 
er than that for the triode-connected case where both gates are tied together. 

Reach-through voltage is another specification uniquely applicable to tetrode- 
connected devices. This defines the amount of difference voltage that may be 
applied to the two gates before the depletion region of one spreads into the junc- 
tion of the other - causing an increase in gate current to some small specified 
value. Obviously, reach-through is an undesirable condition since it causes a 
decrease in input resistance as a result of an increased gate current, and large 
amounts of reach-through current can destroy the FET. 
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GATE LEAKAGE CURRENT 

Of interest to circuit designers is the input resistance of an active component. 
For FETs, this characteristic is specified in the form of IqsS ~~ the reverse- 
bias gate-to- source current with the drain shorted to the source (Figure 11). 
As might be expected, because the leakage current across a reverse-biased 
p-n junction (in the case of a JFET) and across a capacitor (in the case of an 
IGFET) is very small, the input resistance is extremely high. At a tempera- 
ture of 25°C, the JFET input resistance is on the order of hundreds of megohms 
while that of an IGFET is even greater. For junction devices, however, input 
resistance may decrease by several orders of magnitude as temperature is 
raised to 150 °C. Such devices, therefore, have gate-leakage current specified 
at two temperatures. Insulated-gate FETs are not drastically affected by tem- 
perature, and their input resistance remains extremely high even at elevated 
temperatures. 





ENHANCEMENT MODE 




FOR TYPE C FETs (ISFETi) 



CHARACTERISTIC 


DESCRIPTION 


loi..]@V&$>0.V P <V DS <V A 


An arbitrary current value (usually near 
max rated current) that locates a point in 
the enhancement operating mode. 


Vgs@0.1I D | o „, 


Gate- source voltage for a specified drain 
current of 0.1 l D| „,. 


Vssifhi @ l D = 0.001 l D | 0 „| oi less 


Gate cutoff or turn-on voltage. 


loss@V G s = 0,V, <V DS <V A 


Leakage drain current. 



V SS (H.| TEST CIRCU 
SAME AS V ss|o( , : 



k| TEST CIRCUIT 

IN TYPE A. 
EXCEPT REVERSE V GS BATTERY POLARITY 



Figure 10 — Static characteristics for the three FET types are defined by the above curves, tables, and test circuits. 
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Gate leakage current, on some data 
sheets may be specified as IqdO 
(leakage between gate and drain with 
the source open), or as Iqso U ea kage 
between gate and source with the drain 
open). These usually result in lower 
values of leakage current and do not 
represent worst-case conditions. 
The IgsS specification, therefore, is 
usually preferred by the user. 



r 
t 



DRAIN q_ 



Figure 11 — Test circuit for leakage current 



VOLTAGE BREAKDOWN 

There is a variety of specifications 
indicating the maximum voltage that 
may be applied to various elements of a FET. 
are the following: 



Among those in common use 



V 



(BR)GSS 



Gate-to-source breakdown voltage 



^(BR)DGO = Dram ~ to ~S ate breakdown voltage 

^(BR)DSX = Drain-to- source breakdown voltage normally used only for 
IGFETS 

In addition, there may be ratings and specifications indicating the maximum 
voltages that may be applied between the individual gates and the drain and 
source (for tetrode-connected devices), between drain and gate, and so on. Ob- 
viously, not all of these specifications are found on every data sheet since some 
of them provide the same information in somewhat different form. By under- 
standing the various breakdown mechanisms, however, the reader should be 
able to interpret the intent of each specification and rating. For example: 

In junction FETs, the maximum voltage that may be applied between any two 
terminals is the lowest voltage that will lead to breakdown of the gate junction. 
In the case of V(br)qsS (Figure 12a), 
an increasingly higher reverse volt- 
age is applied between the common 
gates and the source. Junction break- 
down can be determined by an increase 
in gate current (beyond Iqss) which 
indicates the beginning of avalanche. 

Some reflection will reveal that for 
junction FETs, the V(br)fxX) s P eci " 
fication really provides the same in- 
formation as V(gj^)Gss* * n th* s case, 
the gates are connected together and 
an increasing voltage is applied be- 
tween drain and gates. When this ap- 
plied voltage becomes high enough, 
the drain-gate junction will go into 
avalanche, indicated either by a sig- 
nificant increase in drain current or 
by an increase in gate current (be- 
yond Itjgo). For both specifications, 
breakdown should normally occur at 



Figure 12b- 



- V, B) (|Dss and V |BR)DSX test circuit (usually used for 
IGFETs only). For V |BR)DSS — V GS = 0; 
For V„ R)D s X — V GS > V GS(o(fI . 
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the same voltage value. Breakdown voltage is synonymous with avalanche 
voltage (Va). 

From Figure 2 it is seen that avalanche occurs at a lower value of Vrjg when 
the gate is reverse biased than for the zero-bias condition. This is cuased by 
the fact that the reverse -bias gate voltage adds to the drain voltage, thereby 
increasing the effective voltage across the junction. The maximum amount of 
drain -source voltage that may be applied is, therefore, Vj^sfmax) = V(BR)DGO 
- VqSj which indicates avalanche with reverse bias gate voltage applied. 

For insulated gate FETs, the breakdown mechanism is somewhat different. 
Consider, for example, the enhancement mode structure of Figure 5. Here, 
the gate is completely insulated from the drain, source, and channel by an ox- 
ide layer. The breakdown voltage between the gate and any of the other ele- 
ments, therefore, is dependent, on the thickness and purity of this insulating 
layer, and represents the voltage that will physically puncture the oxide layer. 
Consequently, the voltages must be specified separately. 

The drain-to-source breakdown is a different matter. For type C devices, 
with the gate connected to the source (the cutoff condition) and the substrate 
floating, there is no effective channel between drain and source and the applied 
drain-source voltage appears across two back-to-back-connected, reverse- 
biased diodes, represented by the source-to-substrate and substrate -to -drain 
junctions. Drain current remains at a very low (picoampere) level as drain 
voltage is increased until drain voltage reaches a value that causes reverse 
(reach-through or punch -through) breakdown of the diodes. This particular 
condition, represented by Vfg^j^gg, is indicated by an increase in above 
the IrjSS l eve l> as shown in Figure 12b. 

For Type B devices, the V(BR)£)gg symbol is sometimes replacedby Vm^rjgx- 
Note that the principal difference between the two symbols is ±he replacement 
of the last subscript s with the subscript x. Whereas the s normally indicates 
that the gate is shorted to the source, the x indicates that the gate is biased to 
cutoff or beyond. To achieve cutoff in Type B devices, a depleting bias voltage 
must be applied to the gate, Figure 12b. 

An important static characteristic for switching FETs is the "on" drain- 
source voltage V(rjg( on ). This characteristic for the IGFETs resembles the 
VCE(sat) ~~ IB characteristics of junction transistors, and the curve for these 
characteristics can be used as a design guide to determine ;the minimum gate 
voltage necessary to achieve a specified output logic level. 

DYNAMIC CHARACTERISTICS 

Unlike the static characteristics, the dynamic characteristics of field- effect 
transistors apply equally to Types A, B, and C. The conditions and presenta- 
tion of the dynamic characteristics, however, depend largely upon the intended 
application. For example, the following table indicates the dynamic charac- 
teristics needed to adequately describe a FET for various applications. 

Let's consider these parameters 
one at a time: yf s The forward trans- 
admittance (transconductance) is the 
key dynamic characteristic for all 
field- effect transistors. It serves as 
a basic design parameter in audio and 
RF, and is a widely accepted device 
figure of merit. 



Audio 


RF-IF 


Switching 


Chopper 


y„dkc) 


y„(ikc) 


y„(ikc) 


y f ,(ikc) 








Ci„ 


c r „ 


c r „ 


c r „ 


c r „ 


Vcdkc) 


y f ,(HF) 


Cd„ ub| 


Cd„ ub) 


y f .(HF) 


Re(y it )(HF) 


r dl |or| 


r d .(..j 


NF 


Re(y 0 .)(HF) 








NF 


t„ t, 
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Because field- effect transistors have many characteristics similar to those 
of vacuum tubes, and because many engineers still are more comfortable with 
tube parameters, the symbol g m is often used in preference to yf s . To further 
confuse things, the "g" school also uses a variety of subscripts. In addition to 
g m , some data sheets show gf s , while others go even farther out with g21- 

Regardless of the symbol used, yf s defines the relation between an input sig- 
nal voltage and an output signal current, i. e. , 



yf B = AWAV GS 



V DS = K 



It has the units of mhos — current divided by voltage. Figure 13 is a typical yf s 
test circuit for a tetrode-connected junction FET. 

As a characteristic of all field- 
effect devices, yfs is specified at 1 
kc with a VdS the same as> that for 
which Id(oii) i s characterized. Since 
yf s has both real and imaginary com- 
ponents, the 1 kc characteristic is an 
absolute magnitude and indicated as 

|yfs|. 

It is interesting to note that yf s 
varies considerably with Ijj due to 
non-linearity in the Id'^GS charac- 
teristics curve. This variation, for 
a typical n- channel, Type A JFET 
(the 3N126) is illustrated in Figure 14. 
Obviously, the operating point must 
be carefully selected to provide the 
desired yf s and signal swing. 




R, TYPICALLY 1 MJ> 
R L OF SUCH VALUE AS TO 
CAUSE NEGLIGIBLE DC DROP 



Figure 13 — Typical y„ test circuit 



For tetrode connected FETs, three 
yfs measurements are usually speci- 
fied on data-sheet tables. One of 
these, with the two gates tied together, 
provides a yf s value for the condition 
where a signal is applied to both gates 
simultaneously; the others provide the 
yfs for the two gates individually. 
Generally, with the two gates tied to- 
gether, yfs is higher and more gain 
may be realized in a given circuit. 
Because of the increased capacitance, 
however, gain -bandwidth product is 
much lower. 
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For RF field-effect transistors, an 
additional value of yf s should be spec- 
ified at or near the highest frequency of operation. This value should also be 
measured at the same voltage conditions as those used for Ij3( on )« Because of 
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the importance of the imaginary component at RF, the high-frequency yf s spec- 
ification should be a complex representation, and should be given either in the 
specifications table or by means of curves showing typical variations, as in 
Figure 15 for the 3N126 JFET. 



The real portion of this high- 
frequency y fs , Re (yf s ) or G 2 i, is 
usually considered a significant fig- 
ure of merit. 

y os Another FET parameter that 
offers a direct vacuum tube analogy 
is y os , the output admittance. 



( Yos = AId/AV D s 



) 



V GS = K 



In this case, the analogous tube pa- 
rameter is r p - i. e. , y os = l/r p . 
For Type A and B devices, y os is 
measured with gates and source 
grounded (see Figure 16). For Type 
C units, it is measured at some spec- 
ified Vgs which permits substantial 
drain -current flow. 




Figure 15 - 



■ Forward transfer admittance 
versus frequency 



As with yf s , there is a plethora of 
terminology for y og . In addition to 
the obvious parallels such as y 2 2> 
g os , and g22, it is also sometimes 
specified as r^, where r^ = l/y 0 s' 

Voltages and frequencies for meas- 
uring y os should be exactly the same 
as those for measuring yf s . Like y fs , 
it is a complex number and should be 
specified as a magnitude at 1 kc and 
in complex form at high frequencies. 




R s OF SUCH VALUE AS TO 
CAUSE NEGLIGIBLE DC DROP. 
R s SENSES AC DRAIN CURRENT. 



Figure 16 — y OI measurement circuit 
for type A and B FETs 



H Closely related to y os and yf s is 
the amplifier factor, \i ( fi = A V BS / A y Gg j Ip = K ) # 

The amplification factor does not appear on the field-effect registration format 
but can be calculated by yf s /y os . For most small -signal applications, y. has 
little circuit significance. It does, however, serve as a general indication of 
the quality of the field- effect manufacturing process. 

c iss Tne common-source-circuit input capacitance, Ci SS , takes the place 
of y^g in low-frequency field-effect transistors. This is because yi s is entirely 
capacitive at low frequencies. Cj ss is conveniently measured in the circuit of 
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R TYPICALLY 1 Mft 




(a) with gate 2 tied to source 



, TYPICALLY 1 UQ 




Figure 17 for the tetrode JFET. As 
with yfg, two measurements are nec- 
essary for tetrode-connected devices. 

At very high frequencies, the real 
component of yj s becomes important 
so that RF field-effect transistors 
should have y^ s specified as a com- 
plex number at the same conditions 
as other high frequency parameters. 
For tetrode-connected RF FETs, both 
a gate-2 -to -source and gate-l-tied- 
to-gate-2 readings are necessary. 

For a switching application C^ gs is 
of major importance since a large 
voltage swing at the gate must appear 
across C^gg. 

C rss Reverse transfer admittance 
(y rs ) does not appear on FET data 
sheets. Instead C rss , the reverse 
transfer capacitance, is specified at 
low frequency. Since y rs for a field- 
effect transistor remains almost com- 
pletely capacitive and relatively of 
constant capacitance over the entire 
usable FET frequency spectrum, the 
low-frequency capacitance is an ade- 
quate specification. C r ss is meas- 
ured by circuits of Figure 18. For 
tetrode FETs, values should be spec- 
ified for gate 1 and for both gates tied 
together. 

Again, for switching applications 
C rss is a critical characteristic. 
Similar to the C 0 b of a junction tran- 
sistor, C rss must be charged and 
discharged during the switching inter- 
val. For a chopper application, C rss 
is the feed-through capacitance for 
the chopper drive. 

^d(sub) For the insulated gate FET, the drain- substrate junction capacitance 
becomes an important characteristic affecting the switching behavior. Cd( su b) 
appears in parallel with the load in a switching circuit and must be charged and 
discharged between the two logic levels during the switching interval. 

(Noise Figure) Like all other active components, field-effect transistors gen- 
erate a certain amount of noise. The noise figure for field-effect transistors 
is normally specified on the data sheet as "spot noise", referring to the noise 
at a particular frequency. The noise figure will vary with frequency and also 
with the resistance at the input of the device. Typical graphs of such varia- 
tions are illustrated in Figure 19 for the 3N126. From graphs of this kind the 



(b) with common gates 
Figure 17 — C,,, measurement circuit 
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(a) for gate 1 individually; (b) 
with both gates tied together 
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10 100 1 KC 10 KC 

f, FREQUENCY (cps) 



Figure 19 — Typical variations of FET noise figure Figure 20 — Measurement circuit for JFET channel resi 

with frequency and source resistance 

designer can anticipate the noise level 
inherent in his design. 



r ds(on) Channel resistance de- 
scribes the bulk resistance of the 
channel in series with the drain and 
source. From an applications stand- 
point, it is important primarily for 
switching and chopper circuits since 
it affects the switching speed and de- 
termines the output level. To com- 
plete the concept of multiple symbols 
for FET parameters, channel resist- 
ance is sometimes indicated as r^( on ) 
and also as rrj>s and r^ s . In either 
case, however, it is measured, for 
JFETs, by tying the gates to the 
source, setting all terminals equal to 
0 Vdc, and applying an ac voltage from 
drain to source (see Figure 20). The 
magnitude of the ac voltage should be 
kept low so that there will be no pinch- 
off in the channel. Insulated -gate 
FETs may be measured with dc gate 
bias in the enhancement mode. 

APPLICATIONS 

Field- effect transistor applications 
is still a young art. That this is so 
is clearly indicated by the lack of 
standardization in the industry even 
of such basic requirements as sym- 
bols and test points. Yet, an under- 
standing of FET theory, coupled with 
circuit analysis does permit an eval- 
uation of such devices for specific 
circuit applications. 




Figure 21 — RF stage of broadcast auto radio 




i I i 

Figure 22 — Line operated phono amplifiers 
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DEVICE SELECTION 

Obviously, different applications call for special emphasis on specific char- 
acteristics so that a simple figure of merit that compares devices for all po- 
tential uses would be hard to formulate. Nevertheless, an attempt to pinpoint 
the characteristics that are most significant for various applications has been 
made* to permit a rapid, first-order evaluation of competitive devices. 

The most important single FET parameter, one that applies for any amplifier 
application, is y£ S . This parameter, or one of its many variations, is speci- 
fied on all data sheets, yet some evaluation is required to come up with a 
reasonable comparison. For example, in the table of electrical characteris- 
tics on most JFET data sheets, yf s is specified at Irjss (^GS = 0) where, for 
Type A devices, yf s is maximum. This is illustrated in Figure 14, where typ- 
ical variations of yf s as a function of I £> are plotted. For some small- signal 
applications, the IdSS O^GS = ^) point can actually be used as a d-c operating 
point because small-signal excursions into the forward bias region will not 
actually cause the gate-source junction to become forward-biased. However, 
in most practical uses, some bias is necessary to allow for the anticipated sig- 
nal swing; and it must be recognized the yf s goes down as the bias is increased. 



It is seen, also, that maximum y£ s increases as Ij^ss increases so that, where 
maximum y£ s is important, a device with a high Ij)SS specification is normally 
desirable. 

On the other hand, where power dissipation is a factor to be considered, the 
figure of merit Yf s/^GS(off) *DSS nas ^ een proposed. This term factors in not 
only Idss> which should be low if power dissipation is to be low, but also 
V"Gs(off)> which indicates maximum input voltage swing. Since the signal peaks 
are represented by Vqs = VQg( 0 ££) and Vqs = 0> the lower VQg( 0 ff), the higher 
the figure of merit. And, for amplifier applications requiring a large signal 
swing, V^BR)Gsg/^GS(off) ( assumin g that Vq S ( 0 ££) is at or near the "pinch-off" 
voltage) is a satisfactory merit figure because it indicates the maximum and 
minimum drain voltage ratio. 

For high-frequency circuits, the input capacitance (Cj ss ) and the Miller- 
effect capacitance (C rss ) becomes important, so yf s /Ci ss + C rss indicates a 
relative measure of device performance. For switching and chopper circuits, 
a figure of merit is not often useful. Here the magnitudes of Ci ss , C rss , 
CM(sub) and Vd s ( on ) are of primary interest. 

CIRCUITS 

Although the number of equipments actually built with FETs so far is still 
relatively small, due to the relatively short time that such devices have been 
available at realistic price levels, the types of circuits that can utilize them 
are practically unlimited. In fact, many circuits designed to utilize small- 
signal pentode tubes can utilize FETs with only minor modifications. For ex- 
ample, the circuit in Figure 21 shows a typical RF stage for a broadcast -band 
auto radio. In this circuit, a 3N126 N-channel JFET has replaced the 12BL6 



*Semiconductors: The New Figures of Merit, Donald Christiansen; EEE, 
October, 1965. 
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Figure 23 — Complementary inverter circuit 




(a) SERIES CHOPPER CIRCUIT 



pentode normally employed. The 
specifications for the two devices, 
including the AGC characteristics, 
are similar enough to perform ade- 
quately in the circuit of Figure 21. 

In an audio application, a field- 
effect transistor such as the 3N126 
can be combined with a high voltage 
bipoler transistor to make a simple 
line driven phonograph amplifier such 
as that shown in Figure 22. The field- 
effect transistor is connected directly 
through a potentiometer volume con- 
trol to the ceramic pickup. Collector 
current of the transistor, in turn, is 
set by the potentiometer in the source 
of the FET. With the proper bipolar 
transistor, the circuit can be driven 
directly from half -wave rectified line 
voltage, while the low voltage for the 
FET can be derived from a voltage 
divider in the power supply line. 

For switching and logic circuits, 
complementary enhancement type 
field- effect transistors offer two sig- 
nificant advantages: Power is drawn 
only during switching, not in either 
stable state; and no coupling elements 
are required since the input to each 
FET resembles a capacitor and the 
coupling is inherent in the device. 

One simple circuit that illustrates 
these advantages is the complemen- 
tary inverter of Figure 23. In this 
circuit, +Vis a logical "1" and ground 
is a logical "0 M . If the input signal is 
+V, the P-channel device (upper) is 

essentially off and conducts only Ijjss (picoamps for a Type C FET). The N- 
channel FET is forward-biased but since only IdSS is available from the upper 
stage, Vrj)g is very low. As a result, the potential of the output is near ground 
- the zero reading. When the input goes to ground, the P-channel FET con- 
ducts. The N-channel device, however, is now cutoff and conducts only IjjSS* 
Since the voltage drop across the P-channel device is very low, the drain po- 
tential of the P-channel device is approximately +V. This charges capacitor 
Cl to +V. 

Figure 24 shows three basic chopper circuits. The advantage of the more 
complex series-shunt circuit (24c) is that it balances out the leakage currents 
of the FETsin order to reduce voltage error and is used to attain high chopping 
frequencies. From an applications standpoint, the FET circuit is superior to 
a junction transistor circuit in that there isno of f set voltage with the FET turned 
on. On the minus side, however, the field-effect transistor chopper has a 




(c) SERIES-SHUNT CHOPPER 



Figure 24 — FET chopper circuits 
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higher series resistance r^g^) tnan tne junction transistor. 

As newer and better FETs are introduced and as a larger number of designers 
learn to use them, the range of applications of FETs should broaden consider- 
ably. To date, there has been little activity in the logic area in spite of the 
advantages of FETs for some logic configurations. This situation is beginning 
to change rapidly and the next year should see the FET as an important addition 
to the tools available to the logic designer. 

With its high input impedance, the field- effect transistor will play an im- 
portant role in input circuitry for instrumentation and audio applications where 
low impedance junction transistors have been generally least successful. 
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HIGH-POWER VARACTOR DIODES 
THEORY AND APPLICATION 



Conventionally speaking, when we refer to a semiconductor diode we normally 
visualize a 2-terminal p-n junction operated in the forward conduction region 
(as a rectifier) or in the reverse avalanche region (as a zener diode). From 
this standpoint, the word diode applied to a varactor is actually a misnomer — 
for while the varactor is indeed a 2-terminal p-n junction, it operates neither 
as a rectifier, nor as an avalanche device. Rather, it operates principally in 
the region between forward conduction and reverse breakdown- the very region 
in which a conventional- diode is considered to be cut off. 



In this operating region the p-n junction can be represented by a capacitor in 
series with a resistor, Fig. 1. The capacitance, known as junction capacitance, 
is inherently associated with all p-n junctions and, while it represents an un- 
desirable parasitic in conventional diode operation, it is the specific mechanism 
that permits the device to function as a varactor, or frequency multiplier. This 
is true because the capacitance value, as will be seen later, actually varies as 
a function of applied voltage and it is this factor that encourages the generation 
of harmonic frequencies. 



The resistor is the result of bulk 
and contact resistance of the semicon- 
ductor material. In varactor opera- 
tion this resistance is the primary 
parasitic affecting varactor quality. 
Great pains are taken in varactor de- 
sign, therefore, to hold this resis- 
tance value to an absolute minimum. 



C R s 

O —AAA/ O 



Figure 1 — Equivalent circuit of a varactor diode. 



HOW THEY WORK 



The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 

When a junction is formed between n-type and p-type material, there is a 
cross-migration of charges across the junction. Electrons from the n-region 
cross the junction to neutralize positive carriers near the junction in the p- 
region, and "holes" from the p-region cross the junction to neutralize the "ex- 
cess" electrons near the junction in the n-region. As a result of this migration, 
all free charged particles are swept out of the immediate vicinity of the junc- 
tion, creating a "depletion layer" in the junction area. And, in the process, a 
contact potential or space charge (about 0. 5V for silicon) appears across the 
junction, Fig. 2a. 
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This structure acts very much like a slightly charged capacitor, with the de- 
pletion layer representing the dielectric and the semiconductor material adja- 
cent to the depletion layer representing the two conductive plates. 



If an external voltage is connected across the p-n junction so as to reinforce 
the contact potential (reverse bias), the depletion layer increases, resulting in 
a capacitance decrease, Fig. 2b. If a forward voltage is applied, the deple- 
tion layer decreases, Fig. 2c. However, if the external forward voltage is 
made large enough to overcome the contact potential, forward conduction oc- 
curs and the capacitance effect is destroyed (except at very high frequencies, 
as discussed later). 



It is obvious, therefore, that the 
value of the junction capacitance is a 
function of the externally applied vol- 
tage, so long as the junction itself re- 
mains reverse biased. This relation- 
ship is as follows: 



C = C o - ^ C o 
(l = V/0) y (<t>+V) y 



wnere C = capacitance at voltage V 
C 0 = capacitance at zero bias 



V = voltage across the diode 
(reverse bias) 

</> = contact potential 

y - power law of the junction, 
determined by impurity 
gradient. 



A plot of this equation, Figure 3, 
shows that the capacitance - voltage 
relationship is nonlinear. Just how 
this condition is useful for frequency 
multiplication will be seen from the 
following derivation. 



Contact Potential 




Depletion 
Layer 



Figure 2 — (A) A representative p-n junction. The 
battery represents the contact potential which must 
be overcome before current can flow. Current car- 
riers act as capacitor plates and the depletion layer 
is the dielectric. 




Figure 2 — (B) Reverse voltage forces carriers 
away from junction. This widens the depletion layer 
and reduces capacitance. 
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Assume that the voltage across a 
capacitor is given by the well - known 
relationsnip 



V = 



Q 



where Q = the charge on the capacitor 



C = the capacitance 



When a sinusodial current is applied 
to a capacitance 




Depletion Layer 
Narrows Increasing 
Capacitance 



Q = Jidt 



j sin tdt 



Figure 2— (C) Forward voltage forces carriers 
closer to junction or across junction again changing 
capacitance. 



COS C0 1 t 

w i 1 



(3) 



where i = instantaneous current 

1^ = maximum amplitude of the input current 

a? 1 = 27rf 1 

f ^ = input frequency 

A = constant of integration relating to the initial charge when time 
(t) = zero 



Substituting Equations (1) and (3) into 




Figure 3 — Voltage-capacitance relationship for a 
+ V) y typical varactor diode. 
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or, where V > > 0 



= V - y = 



— COS (x)A 

w l 1 



0 



(5) 



The exponent y is a function of the impurity gradient of the p-n junction. It 
may vary from approximately 1/2, for step junctions, to about 1/6 for special 
graded junctions. If we consider the common case of a step junction, (y - 1/2) 
Equation (5) resolves to 



I, 



V = 



A * t\ 

A - — cos uA 1 

W l 1 



1/2 



h 

2A — cos co 



COS Ct^t 



0 O 



(6) 



Looking at each of the terms in Equation (6) we find that the voltage (V) 

/ A 2 \ 



across the varactor consists of a dc term 



, 0 o 



2 j , a fundamental component 



/ : i \ 

/ 2A — cos co, t\ 



2A — cos co 1 
co 1 1 



0 C O 



, and the term 



cos t 



/ 



, C 

0 O 



The latter, through trigonometric identities, expands to 

x2 



TV"/ 1 1 

M l2 + 2 



(^) 



cos 2 co 



0 C r 



which reduces to another dc component plus a second harmonic component. 

Although quite simplified, the above derivations clearly show the generation 
of second harmonic voltages across the varactor diode. This second harmonic 
voltage can be used to produce power at that frequency simply by providing a 
path and a load for the second harmonic current. 



In the case of a step-junction device, the second harmonic is the only har- 
monic frequency directly available. While it is possible, through the use of 
graded junctions (y < 1/2) to obtain higher harmonics directly, the second har- 
monic always predominates. In fact, it is normally more efficient to obtain 
higher harmonics by means of the doubling and mixing action of the varactor, 
through the use of idler circuits (see Fig. 4), than to try to obtain a desired 
higher harmonic directly. 



(1) Penfield & Rafuse, "Varactor Applications'', MIT Press, Copyright 1962. 
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VARACTOR CHARACTERISTICS 



When operating as a frequency 
multiplier, the important varactor 
characteristics are: efficiency as a 
multiplier, power handling capability, 
and, in some applications, linearity 
of power output with changes in input 
power. 



Efficiency 




Figure 4 — Simplified multiplier circuit illustrating 
the use of an idler configuration to develop third 
and fourth harmonics. 

An idler circuit is simply a tuned filter which per- 
mits the flow of a harmonic current needed to gen- 
erate the desired output. If the third harmonic is 
desired, filter F, is tuned to the fundamental, idler 
F, is tuned to the 2nd harmonic, and F, is tuned to 
the 3rd harmonic. To obtain the fourth harmonic, F, 
is simply tuned to the fourth harmonic and permits 
the flow of the doubled 2nd harmonic current. 



The efficiency of a varactor is a 
function of the cutoff frequency of the 

device which, in turn, is dependent on the diode quality factor (Q), defined as 



Q 



1 



27rfCR 0 



(7) 



From this, it is seen that Q is a function of both Rg and C. The ability to 
obtain a high Q device is directly related to the ability to make Rg extremely 
low. The cutoff frequency is arbitrarily defined as that frequency at which 

Q = 1, or where 2 n iQ ~ **q* Accordingly, cutoff frequency is given as 



'S* 



2ttCR 0 



(8) 



Since both Rs and C are voltage dependent, it is obvious that f c , too, will 
vary with applied voltage. As reverse voltage increases, f c will also increase. 
This is impoi L ant in a comparative evaluation of devices since, in order to ob- 
tain a valid comparison, the f c for the devices must be obtained at the same 
voltage. 

Now, for varactors with step junctions, the maximum obtainable efficiency 
may be approximated from the expressionsr(l) 

For input frequencies of 0. 01 f c or less, 



1 - K- 



(9) 



For input frequencies of 0. 2 fc or higher, 



£ = B 



(10) 



where 



f = cutoff frequency at Vg 



f ^ = input frequency 
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K and B = constants whose values depend on the desired order of the har- 
monic. 

For doublers, K and B of Equations 9 and 10 are equal to 20 and . 0039 re- 
spectively. 

For triplers and quadruplers, K is equal to 35 and 62 respectively. 

From these equations it is evident that the theoretical efficiency of varactors 
is quite high at input frequencies of 0. 01 f c or less. 

Power Handling Capability 

The relationship between power handling capability (P r ) and other varactor 
characteristics is given by 

P r OcC Q V B 2 (11) 

where = voltage breakdown of the junction 

C q = junction capacity at zero bias. 

The validity of this proportionality is evident from the fact that the input 
power is obviously proportional to the square of the input voltage swing, which 
is limited at one end by Vg and on the other by the permissible amount of for- 
ward conduction. If the voltage swing in the forward direction is very much 
smaller than Vq, it can be neglected, and the input power is approximately 
proportional to Vg2. 

For large power handling capability it is desirable to make Vg as large as 
possible (assuming that the signal source can provide the necessary voltage 
swing from Vb to approximately zero). This requires that the resistivity of 
the material near the junction (at least on one side of the junction) be high. Yet, 
a high resistivity leads to a relatively high Rg which, in turn, lowers the Q of 
the diode and, consequently, the efficiency. Therefore, varactor diode design 
normally is a compromise between high power handling capability and high 
efficiency. 

NEW VARACTOR DESIGN IMPROVES POWER HANDLING CAPABILITY 

Until recently most varactors for harmonic generator applications have been 
designed with step junctions and their characteristics closely follow the above 
discussion. Some improvement in performance has been observed in varactors 
of the 1N4386 type whose impurity profile, Fig. 5, differs considerably from 
that of the customary step- junction device. These improvements include: 

1) higher power handling capability at a given frequency, 

2) greater linearity of power output with changes in power input. 



The increase in power handling capability can be explained as follows: 

To increase P r , it is necessary to increase Vg which demands a higher re- 
sistivity material at least on one side of the junction. If one attempts to in- 
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crease the resistivity of a step -junc- 
tion device, the value of Rg is in- 
creased significantly and efficiency 
is reduced accordingly. But, by em- 
ploying the impurity profile shown in 
Fig. 5, the resistivity near the junc- 
tion can be made comparatively high 
without changing the average resis- 
tivity. Moreover, when reverse vol- 
tage is applied, the spread of the de- 
pletion layer into the high resistivity 
regions actually dissipates them, leav- 
ing only the extremely low resistivity 
portion of the material to contribute 
to R$. And, since the time that the 
varactor is in the reverse -voltage con- 
dition is very large compared with the 
time in the forward -biased condition, 
the ave'rage total series resistance 
is substantially reduced despite the increase in resistivity at the junction and a 
resulting increase in Vg. 

By this means, it is possible to almost double the power handling capability 
of varactors over step-junction devices, without adversely affecting efficiency, 
at least as it is affected by Rg. 

It might be argued that the impurity profile used in the 1N4386 type should 
result in lower efficiency because the capacity- voltage law (y in Equation 1) is 
reduced to about a 1/5 power, thus reducing the degree of reactive nonlinearity. 
Indeed, this would result in a lower efficiency of harmonic generation if it were 
not compensated by the reduction of series resistance described above. 

In addition there appears to be an added nonlinearity resulting directly from 
the parabolic graded impurity profile - the phenomenon of "step- recovery''. 
Not only does step-recovery make up for the reduced junction- capacity nonlin- 
earity, but it leads to a linear power output advantage when driven slightly into 
the forward bias region at the positive peak of the signal swing. 

Step- recovery is a result of charge storage — a familiar phenomenon in the 
application of semiconductor devices. When a p-n junction is forward biased, 
charged carriers from one region are injected into the other to form minority 
carriers in that area. If permitted to wander around in the area long enough, 
these minority carriers will combine with majority carriers and produce a 
current flow. The interval between injection and recombination is related to 
the minority carrier "lifetime" of the material. In the interval between the 
time of injection and recombination, these minority carriers are effectively 
stored charges contributing to junction capacitance. 

If the period of the applied forward voltage is less than the carrier lifetime, 
as is usually the case, most of the injected carriers can be brought back to the 
point of origin before recombination. Step-recovery comes about when the in- 
jected minority carriers are returned to the point of origin in a compact bunch. 
Such a movement of carriers constitutes a current waveform as shown in Fig. 6. 
Because of the sudden cessation of reverse current when all of the carriers are 
returned to their original regions, the waveform is rich in harmonics which 
can be utilized as an added nonlinearity to enhance multiplier action. 




Figure 5 — Resistivity of 1N4386 is high near the 
junction and low near the lead contacts. When a 
reverse voltage is applied the depletion layer rapidly 
dissipates the high resistivity regions and thus, the 
average series resistance (R s ) is low. 
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The impurity profile of Fig. 7 en- 
hances step - recovery because the 
electric fields set up by the steep im- 
purity gradient a short distance away 
from the depletion region keep the 
minority carriers close to the deple- 
tion layer, rather than permitting them 
to wander to random depths in the op- 
posite regions. Thus, when the vol- 
tage is reversed, they return to their 
point of origin in a compact bunch. 
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Figure 6 — When a forward voltage is applied, car- 
riers are injected across the junction. However, 
before they can combine and result in a dc current 
flow, the applied voltage reverses and the carriers 
are returned to the point of origin in a bunch. This 
results in an abrupt cessation of reverse current 
and the waveform is rich in harmonics. 



The step - recovery phe- 
nomenon, which is not as 
pronounced in step junctions 
because of the constant impurity level in such devices, provides an additional 
nonlinearity to the 1N4386 which contributes to harmonic generation. 




^.Compressed 
JT Depletion 
Layer 



Step-recovery results also in ade- 
vice with more linear power charac- 
teristics because the percentage of 
harmonic current generation is not a 
function of signal level. It is only a 
function of the waveform and the 
abruptness of the decline of reverse 
current. And if self -biasing is em- 
ployed, the shape of the current wave 
remains constant over a considerable 
power input range. This leads to a 
more constant efficiency of harmon- 
ic generation as a function of sig - 

nal level than obtainable with devices dependent on junction- capacitance varia- 
tions alone. This is an important feature when using var actors in amplitude 
modulated circuits. 



Impurity 
Profile for Abrupt) 



Figure 7 — Comparison of the impurity profiles for 
a step recovery and step junction diodes. 



VARACTORS vs TRANSISTORS 

In view of the fact that varactors provide no amplification, but merely 
convert an applied signal of one frequency to some higher frequency, one 
might logically ask, "Why not use transistors to directly generate the de- 
sired signal?" The answer to this is simply that there are no transistors 
that will provide the amount of power obtainable from varactors in the VHF 
and UHF regions. The best transistors today are limited to producing 
about 25 watts at 100 mc, and about 5 watts at 500 mc. Varactors, by con- 
trast, can supply about three times that amount of power at those frequen- 
cies. Moreover, many VHF and UHF transmitters demand crystal control, 
which requires a relatively low -frequency oscillator with subsequent fre- 
quency multiplication. And, as yet, no other device operates as efficiently 
as a varactor for this purpose. 

Even as transistors are improved, it is reasonable to assume that var- 
actor development will keep pace, so that the latter will remain well ahead 
of transistors in power -frequency capabilities. As a result, it is antici- 
pated that the varactor will become an increasingly important component in 
high-power, high-frequency applications. 
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HARMONIC GENERATOR CIRCUITS 

Development of a var actor multiplier circuit is illustrated in Fig. 8. The 
basic premise, as shown in (a) is the conversion of a signal from a signal source 
to a harmonic current through the load (Rl) by means of a varactor. The nec- 
essary considerations entail 1) provisions for the necessary current paths and 
associated filters, 2) proper matching of source to load, and 3) development of 
suitable bias voltage for the varactor. 

The first step in the design is the 
addition of suitable current paths, as 
shown in (b). If the output is to be the 
second harmonic, filter F^ is tuned 
to the fundamental frequency, and F2 
is tuned to the 2nd harmonic. In de- 
signing the tuned circuits, the capaci- 
tance of the varactor must be taken 
into account. Since this varies over 
the applied signal cycle, the "average" 
varactor capacitance should be used. 
This can be approximated by the ca- 
pacitance value at one -third the vol- 
tage breakdown rating of the varactor 
(assuming a signal voltage swing from 
about Vg to some small positive value ) 
Since this average capacitance varies 
with signal power, some circuit de- 
tuning occurs if input power is changed 
appreciably. This detuning effect is 
less pronounced with devices of the 
1N4386 structure than with step-junc- 
tion devices. 

If the desired load current is at 
the third or fourth harmonic, the con- 
figuration in (c) may be used. Here, 
Fj is again tuned to the fundamental 




d. Addition of Bias Resistor 



1 



'3 



1 



Figure 8 
circuit. 



e. Addition of Input and Output Matching Capacitors 

Development of a harmonic generator 



and F2 is an idler tuned to the 2nd 
harmonic. This permits fundamen- 
tal and 2nd harmonic current flow 
to mix in the varactor to provide a 
voltage component of F^, F2, Fj + 
F«, and 2F2 across the varactor. 
(Even if F2 were omitted , 

there would be components of higher order harmonics, such as F3 and F4. 
across the varactor, but, as mentioned previously, it is normally more effi- 
cient to employ a suitable addition or multiple of the fundamental and second 
harmonic. ) Filter F3 is then tuned to the desired third or fourth harmonic so 
that only the desired current will flow through the load. 

Bias voltage for the varactor is obtained by shunting the varactor with a high 
value (around 100 KJ2) bias resistor, as in (d). Bias current is provided when 
the varactor is driven slightly into conduction at the peaks of the applied signal. 



Proper matching between source and load can be accomplished by adding 
matching capacitors as shown in (e). Tapped input and output coils could ac- 
complish the same purpose. 
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Obviously, the simple circuit developed in Fig. 8 can be improved upon from 
a performance standpoint. Higher-frequency, distributed- element circuits 
could be fabricated based on a circuit equivalent to Fig. 8. More complex fil- 
ters, such as double- tuned circuits, may be employed for greater bandwidth 
and better rejection of spurious signals. In practical applications, the final 
circuit almost always will be more complex. 

CHARACTERISTICS OF 1 N4386 

The 1N4386 varactor was designed to handle efficiently more than 50 watts 
of input power with output frequencies up to 300 mc. Typical efficiency of the 
device as a function of power input at 50 mc (tripler operation) is shown in 
Fig. 9. 
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Figure 9 — Typical efficiency vs power input curve 
for the 1N4386 in a tripler circuit. 
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C 3 > 82K -X. 



L,,L 2 : 11 Turns #14 Wire, %"Dia. 
L 3 : 3.5 Turns #14 Wire, %"Dia. 
U, L 5 : 4 Turns #14 Wire Dia. 



^c 5 ^2 



R L = 50n 
f = 200mc 
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C,.C 3 : 1-30 pf; C 4 : 0.5-12 pf 
C 2 : 0.8-12 pf; C 5 , C 6 . C 7 : 0.5-10 pf 



Figure 10 — 50-200 mc Varactor quadrupler 
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VVC TUNING DIODE THEORY AND APPLICATION 



VVCs are voltage- variable capacitors, based on semiconductor junction phe- 
nomena, which can be used for electric tuning applications. This note is in- 
tended to explain how VVCs function, summarize the parameters of available 
VVCs, and introduce important application possibilities. 

It is felt that these VVCs will become important circuit components because 
electric tuning offers many advantages over mechanical tuning. Electrically 
and electronically tuned circuits are small, reliable and extremely fast acting. 
However, electric tuning in the HF, UHF and VHF regions has not been exten- 
sively applied because the quality factors of the available tuning elements were 
poor, such as 100 at 50 mc. This situation is changed with the introduction 
of the VVC tuning diode series where Q T s exceed 200 at 50 mc. Further with 
VVCs many of the important electric tuning parameters, such as temperature 
stability and leakage current are improved. 

Generally for electric tuning it is desired to vary capacitance or inductance 
as a function of voltage or current. For HF through UHF frequencies the most 
practical electric means is to vary capacitance with voltage. The rate of change 
of capacity with voltage is, of course, of fundamental importance, the greatest 
rate being most desirable. Except for experimental hyper- abrupt semiconduc- 
tor junctions the best devices approach a capacity varying inversely with the 
square root of applied voltage. This is discussed further in the section on VVCs 
work. 

The most significant parameter in using tunable capacitors is Q or quality 
factor. For a capacitor with series resistance. 



where: 

Q is the quality factor 

o> is the frequency in radians/ sec 

C is the capacitance in farads 

R g is the series resistance in ohms 
When the resistance is in parallel with the capacitance 



If both series and parallel resistances are present the following is a simple 
formula for Q 



Q = wCR 
P P 



(2) 



where: 



Rp is the parallel resistance. 



1 1_ 
Q = Q s 



1 



(3) 



+ 



Q 

P 
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where Q s and Qp are calculated by equations 1 and 2 respectively. For most 
circuit applications loaded circuit Q's exceeding. 20 and often 100 or more are 
needed. Therefore, the low unloaded Q T s of previously available voltage- 
variable capacitors limited their use. 

Tuning range is another important parameter. With voltage- variable devices, 
this means how great a voltage swing can be achieved while maintaining accept- 
able capacitor characteristics. For PN junctions, the usual allowable voltage 
swing is from a few volts negative to the maximum reverse working voltage. 
Capacity swing is calculated from voltage swing by the inverse half- power re- 
lation between capacity and voltage. For large tuning ratios the maximum to 
minimum voltage ratio should obviously be large. 

For most applications the temperature stability of all the capacitor param- 
eters are important. VVC stability is not expected to equal the stability of the 
best air capacitors, but a high level of parameter stability has to be maintained 
either by the device itself or with some sort of compensating mechanism. An 
example of the deficiency of previously available devices is the relatively high 
leakage currents occurring at elevated temperatures. 

Not to be neglected when considering devices for electric tuning is the pack- 
age for the voltage- variable capacitor. Package parasites such as lead induct- 
ance or case capacity could alter the device impedance beyond use. Especially 
for higher frequencies previously available packages exhibited too high an in- 
ductance which degraded circuit performance. 

Outlined above are the important parameters to specify for electric tuning 
devices. For the approximately seven years that voltage -tunable capacitors 
have been available, the designer has had to compromise on these parameters. 
Now with the VVC line these compromises are no longer necessary. 

Both the previously available devices and VVCs are based on PN junction the- 
ory. The difference stems from the way the junctions are formed; allowing for 
the previous devices and diffusion into epitaxially grown layers for the VVCs. 
Before explicit performance parameters and comparisons are made, the physics 
of both types of devices will be briefly described. 

HOW VVCs WORK 

Conventionally speaking, when we refer to a semiconductor diode we nor- 
mally visualize a 2- terminal p-n junction operated in the forward conduction 
region (as a rectifier) or in the reverse avalanche region (as a zener diode). 
From this standpoint, the word diode applied to a VVC is actually a misnomer- 
for while the VVC is indeed a 2- terminal PN junction, it operates neither as a 
rectifier, nor as an avalanche device. Rather, it operates principally in the 
region between forward conduction and reverse breakdown - the very region in 
which a conventional diode is considered to be cut off. 

In this operating region the PN junction can be represented by a capacitor in 
series with a resistor, 



o 



FIGURE 




-O 



The capacitance, known as junction 
capacitance, is inherently associated 
with all PN junctions and, while it 
represents an undesirable parasitic 
in conventional diode operation, it is 
the specific mechanism that permits 
the device to function as a VVC, or 
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voltage- variable capacitor. This is true because the capacitance value, as will 
be seen later, actually varies as a function of applied voltage. This factor can- 
not only be used for electric tuning but also for harmonic generation and para- 
metric application. 

The resistor is the result of bulk and contact resistance of the semiconductor 
material. In VVC operation this resistance is the primary parasitic affecting 
VVC quality. Great pains are taken in VVC design, therefore, to hold this re- 
sistance value to an absolute minimum. 

The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 

When a junction is formed between n-type and p-type material, there is a 
cross- migration of charges across the junction. Electrons from the n- region 
cross the junction to neutralize positive carriers near the junction in the 
p- region, and "holes" from the p- region cross the junction to neutralize the 
"excess" electrons near the junction in the n- region. As a result of this mi- 
gration, all free charged particles are swept out of the immediate vicinity of 
the junction area. And, in the process, a contact potential or space charge 
(about 0. 5 V for silicon) appears across the junction, Fig. 2a. 



This structure acts very much like 
a slightly charged capacitor, with the 
depletion layer representing the di- 
electric and the semiconductor ma- 
terial adjacent to the depletion lay- 
er representing the two conductive 
plates. 

If an external voltage is connected 
across the p-n junction so as to rein- 
force the contact potential (reverse 
bias), the depletion layer increases, 
resulting in a capacitance decrease, 
Fig. 2b. If a forward voltage is ap- 
plied, the depletion layer decreases, 
Fig. 2c. However, if the external 
forward voltage is made large enough 
to overcome the contact potential, for- 
ward conduction occurs and the ca- 
pacitance effect is destroyed. 

It is obvious, therefore, that the 
value of the junction capacitance is a 
function of the externally applied volt- 
age, so long as the junction itself re- 
mains reverse biased. This relation- 
ship is: 

C <P Y C 

C = 2 + 2- (4 

(1 + V/<P) V (0 + vf 



Contact 
Potential 




^Depletion Layer 



FIGURE 2 (A) - A REPRESENTATIVE P-N JUNCTION. 

The battery represents the contact potential which must be overcome 
before current can flow. Current carriers act as a capacitor plates and the 
depletion layer is the dielectric. 




FIGURE 2 (B) - REVERSE VOLTAGE FORCES 

carriers away from junction. This widens the depletion layer and 
reduces capacitance. 
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where: 



C = capacitance at voltage V 

C Q = capacitance at zero bias 

V = voltage across the diode (re- 
verse bias) 

$ = contact potential 

y = power law of the junction, de- 
termined by impurity gradi- 
ent. 



The exponent is a function of the 




Depletion Layer 
Narrows Increasing 
Capacitance 



FIGURE 2 (C) - FORWARD VOLTAGE FORCES 

carriers closer to junction or across junction again changing capacitance. 



impurity gradient of the PN junction. 

It may vary from approximately 1/2, for step junctions, toabout 1/6 for specially 
graded junctions. For electric tuning the greatest capacity- voltage variation 
is desired so the step junction is generally used. 

A11PN junctions have to be protected from the corrosive effects of the atmos- 
phere; therefore, packages or housings are used. Associated with the package 
and the internal connections to the junctions are parasitic reactances. The 
complete equivalent circuit of a packaged PN junction operated in the reverse 
voltage region for electric tuning, is shown in Fig. 3. The voltage -variable 
capacitance is Cj; R s is the series re- 
sistance; Rp is the junction shunt re- 
sistance which generally can be ne- 
glected; L s is the lead inductance and 
C c is the case capacitance. 

The admittance of a VVC including 
all parameters of Fig. 3 is: 



ne- 



-A/W- 



ne- 



FIGURE 3 - EQUIVALENT CIRCUIT 



VVC 



y = jwC c + R + jo,L + 



where 

Rp is high enough to be neglected 



(5) 



ir + ^ 



y = juc c + 



l-w L G. + jcoC.R 

s J J s 



(6) 



Inherent junction Q is defined as: 



Q 



cjC. R 
J s 



(7) 
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If Q is high compared to l-co 2 L s Cj the VVC has a capacitance given by 

C. 

Ceq = C + s-J (8) 

C l-o) L C. 

s J 

Equation 8 shows how equivalent capacity can be modified by L s and C c . 

Usually operation is well below the self- resonant frequency u> 0 = l/L s Cj so 
that the total capacity is given by 

c T = c c + a 0) 

and in terms of voltage 



C 

o 



(10) 



where: 

7 = 0. 5 for step junction 
* = 0. 5 volts 
The total Q is then 

t S 

The important device information is given by eqs. (10) and (11) with eq. (8) 
being significant at frequencies approaching self- resonance. 
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OPTIMIZING SCR TURN-OFF PARAMETERS WITH NEGATIVE BIAS 



Although it is not often discussed in the literature, almost all SCR's exhibit 
some degree of turn-off gain. 



At normal values of anode current, negative gate current will not have suf- 
ficient effect upon the internal feedback loop of the device to cause any signifi- 
cant change in anode current. However*, it does have a marked effect at low 
anode current levels where it can be put to advantage to modify certain device 
parameters. Specifically, turn-off time may be reduced and hold current may 
be increased. Reduction of turn-off time and increase of hold current are use- 
ful in such circuits as inverters or in full- wave phase control circuits in which 
inductance is present. 



Negative gate current may, of course, be produced by use of an external bias 
supply. It may also be produced by taking advantage of the fact that during con- 
duction the gate is positive with respect to the cathode and providing an external 
conduction path such as a gate -to -cathode resistor. All of our SCR T s are already 
constructed with a built in gate -to -cathode shunt, which produces a certain 
amount of negative gate current. Further change in characteristics, however, 
can be produced by use of an external shunt. Shunting does not produce as much 
of a change in characteristics as does negative bias, since the negative gate 
current, even with an external short circuit, is limited. When using external 
negative bias the current must be limited, and care must be taken to avoid driv- 
ing the gate into the avalanche region. 



All of our SCR lines show an improvement in turn off time of about one -third 
by using negative bias up to the point where no further significant improvement 
is obtained. The increase in hold current by use of an external shunt resistor 
ranges typically between 5 and 75 percent, whereas with negative bias, the 
range of improvement runs typically between 2-1/2 and 7 times the open gate 
value. 



In summary, it may be said that by use of negative gate bias, the turn-off 
time and hold current of our SCR's may be improved significantly so that they 
may be used in higher frequency inverter circuits or in circuits inwhichhigher 
residual current are present. 
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